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PREFACE. 


A MBTATJDTjBCuaAL work in English by a Chinese author is unusual;*'! 
but long residence in America, and in England and other parts of 
Europe, and much study of English literature, have familiarised 
me with the language, and have encouraged me to make it the 
medium for presenting my work to the English-speaking public , 
and I desire to express my thanks to Messrs Charles Griffin & Co 
for the opportunity they have afforded me of doing so. 

My researches concerning Antimony have extended over several 
years, and I would express my thanks to Professor Kemp, of Columbia 
University, for his valuable guidance. 

References to Antimony are scattered through the technical liteia- 
ture of many languages, and the subject is dealt with m general 
treatises on metallurgy There does not, however, appear to be 
any English text-book devoted to its special consideration, and 
foreign works on this subject are not readily accessible to English 
readers, who have had to content themselves with the necessarily 
condensed notes in the standard work on metallurgy by Phillips 
and Bauerman, and Professor Louis 7 translation of Carl SohnabeFs 
woik These, although valuable, do not claim to be exhaustive, and 
the modern volatilisation process naturally finds but little mention 
It seems likely, however, to become the sole process by whioh the 
poorer classes of antimony oies can be economically treated , and as 
these ores are of rapidly growing importance, posmbly as a lesult 
of the exhaustion of the richer grades of ore, a description of the 
process is of importance 

It has been my privilege to carry out practical tests of the 
volatilisation process patented by Mons. H Herrenschmidt, and the 
results aie mcoiporated in this book. I am also gieatly indebted to 
that gentleman for kindly reading through the greater part of 
my MS , especially the chapter on the Metallurgy of Antimony. 
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PREFACE 


Invaluable suggestions resulting from his many years’ experience in 
antimony Bmelting were freely given and gladly received 

I also desirer gratefully to acknowledge the assistance derived 
from the consideration of articles which have appeared m the 
technical press, and especially from the study of the following 
works ’ — Friedheim’s Handbuch d&r amorganischen Chenue , Abegg’s 
Handbuch d&r cmorgamschm Ch&mie , Moissan’s TraitS de Clumit 
Mvn&rale , and Frdmy’s Encyclop6die Chirmque. The chapter on the 
Chemistry of Antimony is hosed on these studies Bermger’s Text- 
book of Assaying and Parry’s Assay of Tin and Antimony have like- 
wise proved serviceable in dealing with the Analysis of Antimony. 

My brother, Dr C. H Wang, has kindly seen this work through 
the press, as my duties m Hunan necessitated my return to China 
In conclusion, I venture to hope that the arrangement and co- 
ordination of the very scattered records of the results of othei 
people’s woik embodied in the present volume may prove of service 
to metallurgical students, to manufacturers, and to users of 
antimony. 


London, Match 1919 [Reprint 1 


C. Y WANG. 
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THE METALLURGY OF ANTIMONY. 


CHAPTER I. 

THE HISTORY OF ANTIMONY. 

Thb natural Sulphide of antimony was known to the people of 
ancient times * It was used by them as medicine, and as an article 
of toilet by women to pamt their eyebrows with. 

In St Jerome’s translation of the Hebrew of Ezekiel xxm. 40 we 
read, “ oircumhmsti stibio oculos tuos,” and in. the second book of 
Kings ix 30 we find, “Porro Jezebel introiter eius audite deprnt 
oculos suos stibio ” The latter passage, as translated by Cheyne and 
Driver, runs thus, “ set her eyes in pamt (literally, antimony) ” 

The Hebrew and Arabic word for antimony is “ kohl,” whioh was 
altered to “alcool” or “alkohol” m other languages; thus the 
Spanish translation of the above passage from Ezekiel is, “ alcoholaste 
tus ojos.” As a matter of fact, the word “alcohol” was, m the 
Middle Ages, used to designate anything m the form of fine powder , 
and it was only at later periods that it was used to mean spirit 
of wine 

Dioscondes called this metal cm/z/u, and mentioned that it was 
known also by 7 r\aTvo^ 0 aA/iov (meaning “eye-expander”), ywcu/cetov 
(meaning “womankind”), etc He also mentioned that the roasting of 
orude antimony oould be done in a current of air under moderate 
heat until it burnt, and that if it were heated more strongly it would 
melt like lead. This statement might suggest the idea that he was 
acquainted with the metal itself. 

The term “ stibium ” was given to the metal by Pliny, and the 
term “antimomum” by the Latin author Gebor, but both these 

* M Berthelot has made a cimouB observation in legard to a vase found at 
Tollo Chaldea by M. de Soizeo, which was cast in metallic antimony ( R&v . Archiol , 
1887, 8®, t. ix.). 
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terras had been used to staud for the sulphide of antimony up to the 
tune of Lavoisier 

In the beginning of the fifteenth century * or thereabouts there 
lived in Germany a monk by the name “Basil Valentine,” who has 
been supposed to be the author of many books on antimony and its 
allied subjects. As an historical figure he was shrouded with 
mystery Doubts had been entertained as to the genuineness of the 
wn tings attributed to him Consequently Emperor Maximilian I. 
commanded that this question should be examined into The con- 
clusion was that he was a Benedictine monk of Southern Germany, 
and that nearly all the works attributed to him had undergone many 
changes and alterations, introduced by later authors, t City 
Chamberlain Tholde, of Frankenhausen, Thuringia, published a list 
of his works m the early part of the seventeenth century * Trivmph- 
Wagen des Antimonii (“Triumph Car of Antimony”), Von dem 
grossen Stein der wralten Weiaen (“ On the Great Stone of the Ancient 
Philosophers ”) ; Offenbamng der verborgenen Eandgi'iffe (“ Revela- 
tion of the Hidden Key ”) ; Letztes Testament (“ Last Testament ”) ; 
Schlussreden (“ Concluding Words”). The language he uses is fre- 
quently obscured by mystical pictures and alchemistio ideas , yet he 
deserves the oredit of having made many careful and conscientious 
observations 

The most important of his writings is the Triumph- Wagen des 
Antvmonn J: Professor Schoilemmer has, however, shown that this 
was a forgery, dating from about the year 1600 The nature of this 
book can be seen from the following passage, as translated in Roscoe 
and Schorlemmer’s Chemistry “ In order, as is most pioper, that I 
may Bay something about the name of the matoiial, it should be 
understood that this material was long known to the Arabians, and 
from ancient time was termed by them ‘asinat. 7 The Chaldeans 
entitled it ‘stibium, 7 and in the Latin tongue it has been called 
1 antimomum 7 up to the latest times, and in our own Gorman mother- 
tongue the same matenal has been foolishly called 1 Spies sglas, 7 for 
this reason, that this material can be fluxed and a glass made from 
it 77 The operation of producing metalho antimony, as described by 

* Probably Basil Valentine was born in the year 1400, at Petersklostoi, in Erfurt 

t Consequently Basil Valentine is sometimes known as the pseudo-Busil 
Valentine. 

t ThiB book has been translated into English The Triumphal Chariot of Anti- 
mony, by Basihus ValentmuR, translated by Theo Keicknngius . James Elliot & 
Co , London, 1893 It has also been traiisluti'd into Latin by an unknown authoi 
nuclei tho title Cuims triumphahs anUmonn 
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Basi] Valentine, is as follows (taken from Roscoe and Sohorlemmev’s 
Chemistry) “ Antimomum is a master m medicine, and from it, by 
means of cream of tartar and salt, a king (regulus) is made, steel-iron 
bemg added to the apiessglas during fusion. Thus by an artifice a 
wonderful star is obtained which the learned before my time have 
termed the c philosophical signet star * . Take good Hungarian 
apiessglas, and with the same quantity of crude tartar and half as 
muoh saltpetre rub these small and let them fuse well m a wind 
furnace , afterwards pour out into a mould and allow to oool, when a 
regulus is found ” 

Basil Valentine was well acquainted with the starred surface of pure 
metallic antimony, and remarked that the starred and the unstarred 
antimony had exactly the same composition, and that the starred one 
was due to the use of iron m its preparation , while, m opposition to 
tins idea, other chemists of the period traced the ca use of the starred 
one to the favourable conjunction of stars He also knew that anti- 
mony did not possess the full character of a metal, and for this 
reason he called it lead of antimony Furthermore, he noticed that 
apiessglas contained sulphur, and he was acquainted with sulphur 
auratum (a mixture of Sb 2 S Q and SbgSg). He gave distmot recipes 
for the preparation of antimony trichloride (butter of antimony), 
povder of algaroth (basic chloride of antimony), antimony trioxide, 
potassio antimomate. In his time antimony was used for the pre- 
paration of printers’ type, mirrors, and bells, and was also used as 
medicine. 

The story of the accidental poisomng of certain monks by spiessglas 
administered to them by someone who had observed that pigs could 
be fattened if they were fed with a little spiessglas, thus originating 
the word “anti-mome,” * has been proved by Kopp to be without any 
foundation, as Basil Valentine wrote his book in German 9 and hence 
the story must have been invented by a Frenchman. It has been 
suggested that the woid “ antimony ” might be derived from “anti- 
monos,” meanmg, opposed to solitude, as it was supposed that it 
could only be found in combination with other elements in nature 

Paracelsus was the first one to use antimony as ' a medicine to be 
taken internally His emetic was a solution of antimony in wine 
In the year 1564, not long after the death of Paracelsus, a woik on 
antimony by Louis de Launnay appeared In 1566 the Pailiament 
forbade its use as medicine , but this law was, upon the decision of 
the Faculty of Pans, repealed in 1650 

* The term “ untunonium ” ia found in the writings of Constantin, a doctor, 
who lived towards the end of the twelfth century, long before Basil Valentine, 
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Boyle, mhifl book On the Umvccessfulness of Experiments (Opm a, 
ed 1772, l 325), says “And it may perhaps alBo be fiom some 
diversity either in antimonies or irons, that eminent chemists have 
(as we have observed) often failed in their endeavours to make the 
starry regulus of Mars and antimony. Insomuch that divers artists 
fondly believe and teach (what our experience will not permit us to 
allow) that there is a oertam respect to times and constellations 
requisite to the producing of this (I confess admirable) body Upon 
this subjeot I muBt not omit to tell you that a while since an 
industrious acquaintance of ours was working on an antimony, which, 
unawares to him, was, as we then supposed, of so peouliar a nature, 
that making a regulus * of it alone without iron, the common way 
(for this manner of operation I inquired of him), he found, to his 
wonder, and showed mo his regulus adorned with a more conspicuous 
star than I have seen in several stellate reguluses of both antimony 
and Mars,” Lemony, m his Gouts de Ghymie , 1676, argued against the 
idea that the planet Mars had anything to do with the appearance of 
the stars m antimony. 

With regard to the metallurgy of antimony, Agricola, in his 
Mining , book xu., 1557, wrote — “The liquation is done m pots. 
The pot, with holes m the bottom, is belly-liko shaped, that is, narrow 
at the top, and is placed over an empty vessel, supported on a bed, 
upon which and around the pots are thrown earth and coal-dust, 
which is heated with logs of wood from above ” After this unpractical 
method came the method of Balthasar Bossier, who in 1650 wrote 
Speculum metallurgies politissimum His experiment runs thus* — 
20-30 centner (quintal =100 lbs. m weight) of the sulphide of 
antimony are allowed to melt m an oven The liquid is mixed 
with 10 per cent of its quantity, 3 parts of saltpetre and 1 part of 
ashes of wood. This mixture is allowed to stand until a slag is 
formed. In order to extract the silver or gold contained in the 
metal, it is mixed with an equal quantity of iron, or half as much 
copper or lead This is put into a refining furnace and is allowed to 
remain there until all the “ Spicss ” is volatilised. Still later than 
Bossier, Lazarus Broker recommended the following method , — The 
sulphide of antimony, together "with non needles, was melted befoie a 
blast or m an oven, with the use of saltpetre to cover the liquid, 
which, after solidification, must be remelted three or four times, until 
* the beautiful stars appeared upon the surface of the metal. The 

* One part of antimony in one thousand parts of gold is sufficient to destroy the 
working properties of it. From this peculiar action the ancients gave it the name 
1 * regains ” or <f little king. ” 
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precipitation method came after this In the eighteenth century 
the roast-reduction method commenced to be used, in the thirties 
of the nineteenth century, the reverberatory fumaoe , and in 1896 
eleotrolytio antimony first appeared m the market.* 
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CHAPTER II. 


THE CHEMISTRY OF ANTIMONY. 

Section 1 — The Atomic Weight op Antimony. 

(a) Selection of Atomic Weights. — Berzelius m 1852 already knew 
that the ratio of the oxygen oon tents of the three oxides of antimony 
is 3 . 4 6, but he wrote their formulae as Sb0 8 , Sb0 4 , Sb0 6 , and con- 
sidered the double of 129 as the atomic weight of antimony. When 
he, however, found out in 1826 the existence of the sesqui-oxide, he 
changed the above formulae to Sb 2 0 8 , Sb0 2 , Sb 2 O 0 , whereby Sb= 129 
Gmelin at first gave the same formulae, and put 64’5 as the atomic 
weight; but they were subsequently changed back to Sb0 8 , SbO^ SbO B . 

It is now admitted that antimony has three H- equivalents, whioh 
are i elated to one another as 5 • 4 . 3, that is, Sb xri) Sb x4 , Sb xs . 

Now, we consider 120 as the true atomic weight of antimony, for 
the reason that this number is m harmony with the following laws 
and rules : — 

1. With Avogadro's Law , since the number 120 denotes the 
smallest quantity of antimony which, m a vaporous condition, can be 
present m combination in a double normal volume Also the content 
of combination of antimony m solution, according to the theory of 
van’t Hoff, is m harmony with this number, m so far that the 
phenomenon of its being a cathode through hydiolysiB is not entirely 
absent, this being due to the weak basic character of antimony 

2. With Dulong-Petitfs Rule, since the atomio heat, as calculated 
with this number, amounts to between 6 0-6 3, which hardly deviates 
from the normal value 

3. With the Theory of Isomor'phism. Wo know only so much about 
it that the element Sh is isomorphous with the elements arsenic 
and bismuth, and also with its next atom-analogies from the same 
natural group. 

4 With the Periodic Law The properties of antimony and its 
compounds are the functions of its atomic weight, 1 20 

(5) Deter mi nation of the Atomic Weight — 1 Berzelius in 1812 
devoted muoh time and energy to determine the atomio weight of 
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antimony, but expressed himself with great dissatisfaction as to the 
results obtained, m the following words . “ Ich hale memald mit 
einer Matene , wo es so ausse) ordenthch schwer gewesen ist, konstante 
Eesidtate zu erhalten, gearbeitet ” He oxidised metalho antimony 
with the aid of nitric acid, and then heated the residue, whereby 
from 100 parts of antimony he obtained 124 8 paits of Sb 3 0 4 Henoe 

124*8 100 = Sb a + 64 Sb a . 

.• 100Sb a + 0100 = 124 8Sba. 

24 8Sb a =6400 

. Sb = 129, approximately. 

This number 129 was considered by Berzelius as the true atomic weight, 
and had been taken so until the ’fifties of the nineteenth century 
2 Kessler, 1855-60 The work of Kessler doeB not show any 
particular exactness , the interest of his work lies in the fact that he, 
for the first tune since Berzelius, obtained results which approach 
more closely to the true value 120. The following are his results 


а. Through oxidation of Sb. 2 0 8 from 100 parts Sb =123 84. 

б. „ ,, of Sb with K 3 Cr a 0 7 =123 01. 

o. ,, ,, of Sb with KC10 a and K a Cr a 0 7 =123 72 

d ,, ,, of ShjOj with KC10 3 aud K a Cr a 0 7 = 123 80.* 

,, ,, of Sb a O a with KaCi a 0 7 =123 86. 

f ,, of emetio tartar =119 80 


3. Schneider in 1856 reduced a natural sulphide of antimony from 
Atnsberg to its metallic form in a ounent of hydrogen From 100 
parts of Sb,S 8 he obtained 28 52 as an average value of sulphur 
evolved Hence the proportion . 

2Sb 33 = 100-28 52 28*52. 

* Sb = 120*53. 

4. Bose m 1856 published the results of the analysis of antimony 
ohloude by Weber, in which he gave 120 63, the mean value of 
120 2 , 121 1 , 120 6 

5 Dexter m 1857 earned out some valuable work m Bunsen’s 
laboratory to determine the atomic woight of antimony He carefully 
weighed out a small quantity of antimony and oxidised it with nitric 
acid, and finally heated the residue until it was convcited into Sb 2 0 4 
From 100 parts of Sb 2 0 4 theie were 79 283 (average value) parts of 
Sb. Hence the propoition 

2fc> b 64 = 79 283 20 717 
. . Sb = 122 10 

6 Dumas m 1859 caused chlorine to act upon metallic antimony, 

* In 1861 KobbIgi collected this value and changed it to 122 30 
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and, to be sure that there was no free ohlorme present, he distilled it 
many times through pulverised antimony. A suitable quantity of the 
trichloride thus obtained was taken and was decomposed by means of 
a solution of tartaric acid. The ohlorme thus set free was determined 
by the quantity of silver chloride that could be deposited in a bath of 
silver solution of known strength Hence the following proportion : 

SbC] 8 . 8Ag=70‘512 100 
(the atomic weight of Ag taken to be 107 92). 

.*. Sb=121 *88. 

This value is a little too high, due to the faot that the trichloride 
used contamed some oxychloride, as was proved by Cooke later 
7. Unger in 1871 made an analysis of Sohlippe’s salt, NaaSbS 4 .9H 2 0, 
and found that the result was best in harmony with the given 
formula when 120 was taken as the atomic weight of antimony. 
From 7 347 grins, of Sohlippe’s salt he obtained 3 291 grms. of 
sodium sulphate and 3*0864 grms. of pure antimony pentasulphide. 
Hence, from the relationship 

SNa a S0 4 : Sb a S B =8*291 : 3*0804, 

Sb=119 71 

8 Cooke, 1877. The analytical work of J P Cooke, in regard to 
the atomic weight of antimony, started a new epoch m the history 
of the deteiminntion of atomic weights. Cooke followed m the foot- 
steps of Stas with particular legard to his methods of working and 
to his exactitude m chemical manipulations, but worked always with 
small quantities of substances, thus reducing the source of error to a 
minimum, this being m opposition to Stas’ practice, who was known 
always to use large quantities of substances, even sometimes up to 
several hundred grams. 

The following independent methods for the determination of the 
atomic weight of antimony are given by Cooke — 

a. Synthesis of Antimony Trisulphide — Bolls of antimony were 
dissolved m part in hydrochloric acid m the presence of some nitric 
acid The solution was boiled until it became colourless and only 
tnvalent antimony was present The loss in weight of the halls of 
antimony gave the quantity of antimony dissolved. The solution was 
then diluted with a solution containing acetic aoid. Water impreg- 
nated with hydiogen sulphide was added by means of a syphon, and 
the antimony trisulphide thus formed was washed six times with hot 
water. After this it was dried at a temperature of 130° ,* and at 
210° the led trisulphide was changed to its black modification. In 

* The scale used in this book is Centigrade 
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the red modification Cooke found the average sulphur oontent to be 
28-5731 , hence the ratio 2Sb . 3S = 7l*4269 28*5731, whereby Sb« 
120 22. In the black modification he found the average sulphur con- 
tenttobe 28 5182 ; hence the proportion 2Sb 3S = 71*4818 : 28-5182, 
whereby Sb = 120 54. 

/3. With antimony trichloride the analysis gave "Sb = 12186, 
while with antimony tnbromide Sb=119 882, and with antimony 
iodide Sb= 119 86 

f In the years 1880-81 Cooke made his final determination of the 
atomio weight of antimony. This time he used antimony trichloride 
and made the determination by the gravimetric method. The result 
obtained was Sb = 119 88. 

Summary. The following is a summary of the different values 
assigned for the atomio weight of antimony as obtained by different 
workers and investigators employing different methods * 


Authority 

Years 

Berzelius 

1812 

a • • 

Kessler . 

1856-00 

a 

>i 

t > 

ii 

n • . * 

ii 

i > • 

Sobneidei 

1860 

Rose (Weber) . 

ii 

Dexter 

1857 

Dumas 

1859 

Unger 

1871 

Cooke 

m • • 

1877 

II 

t> 

M • 

II 

11 

»i 

II* 

M • 

11 

»» • . . 

n • 

n • 

1880-81 

Schneider 

1880 

Pfeifer 

1881 

ii • 

ii 

Bongartz 

1883 

Popper 

1880 

Friend and Smith 

1902 


Proportions 

2Sb Sb„0 4 
2Sb : 8b^S fl 
SbjjO* . 0 Q 


2Sb . O a 
2SbGl a On 
SbC] 8 SAgCl 

8[0 4 H 4 KSb0 7 £H 2 0] KaCrgO, 

SbjjSg 28b 

Analysis of SbCl s 
2Sb Sb a <> 4 
SbCl 8 . 3Ag 

8NagS0 4 SbaSa m ScBlippe’s Balt 
2Sb SbgSg (led modification) 
2Sb • SbaSg (black modification) 
SbCl 3 3AgCl(Ag=107 02) 
(Ag= 107-00) 
SbBr fl SAgBr(Ag= 107*92) 
(Ag=107 00) 
Sbl 3 8AgI(Agt=l07 92) 
SbBr 3 . 3AgBr(Ag = 107 92) 
(Ag=107 90) 
SbBr 8 8Ag(Ag=107-92) 
Sbn8 8 2Sb 
SOiin . 2Sb m 
3Ag Sb^ 

2Sbiff • 3 BaS0 4 
SAg Sb™ 

0 4 H 4 KSb0 7 . KOI 


Atomic 

"Weight 

129-0 
128 9 
120 80 
121 81 
121 21 
124*26 
110 £9 
120 63 

120 63 
122 40 

121 88 
119 71 
120*22 

120- 64 

121- 80 
121 84 
119-91 
119 8fr 
119 80 
119 90 
119-88 

119 90 

120 41 
122-36 

121 36 

120 04 

121 20 
120 43 


The International Commission for the Determmation of Atomic 
Weights took 120 as the true atomic weight of antimony, but since 
1902 it has been changed to 120 2. 
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Section 2. — The Element Antimony 

Antimony, like phosphorus and arsenic, has several allotropio 
modifications. Besides the gray form of antimony, the most 
common and the best known, there is another form which is an 
explosive This latter is very unstable and changes easily to the 
stable metallic form The most unstable modification is yellow 
antimony, which does not possess any metallic property, corresponding 
thus to white phosphorus and yellow arsenic 

Metallic Antimony —Pure antimony is a Bilver- white,* shining, 
brittle metal. By slow ooolmg it crystallises in the hexagonal system, 
lsomorphio with the gray form of arsenic, while rapid cooling makes it 
granular and crystalline. Moreover, when molten antimony is allowed 
to solidify slowly without any disturbance, and when it is covered by a 
layer of slag, a fern-like appearance is seen on the solidified surface. 
This is the go-called “ antimony star ” or regulus antimomi stellatus 
The specific gravity is 6 5178, according to Kahlbaum, Siedler, and Hot. 

The coefficient of oubical expansion, between 0° and 100°, is 
0 003161. The coefficient of linear expansion depends upon the 
direction taken, being 0*00001692 at 40° along the axis of the hemi- 
dodecahedron, and 0 00000882 at the same temperature along a 
direction perpendicular to it ( Landolt , Bormtein, Meyeihoffer). 

The metal is a conductor of heat and elect licity. The electrical 
conductivity, m reciprocal ohms, is 2 7l 104 at 0°, 2 47 104 between 0° 
and 37°, 0*62 104 during melting, 0 88 104 when it changes entirely 
into a liquid state, and 0*82 104 at 860°. The absolute conductivity 
for heat is 0 042 between 0° and 30°, 0 0442 at 0°, and 0 0396 at 
100° (Landolt, Bomstevn , Mey&rhoffer ). 

The spocific heat is as follows • — 


Temperature 

Interval. 

Specific Heat. 

Obsoiver. 

-18tt°to - 79 

0 0402 

Bohn. 

- 79 to + 18 

0 0484 

) 1 

- 76 to - 20 

0 0490 

Pebal and Jalin 

- 20 to 0 

0 0486 

M 

0 to + 83 

0 0496 

M 

0 to +'100 

0 0496 

Bunsen 

17 to 92 

0 06079 

Garde. 

16 

0 04890 

Naccan 

100 

0*05081 

) f 

200 

0*06198 

19 

SOU 

0*06360 

\f 


* With a slight tinge of blue, which may be intensified by the presrnoe of 
impurities in the metal 
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The mfetal melts at 630*6° (Holborn and Day). In this liquid 
state it can dissolve not only the solid metal itself, but also the 
sulphide of the metal 

The boiling-point of the metal under atmospheric pressure is 1300° ; 
it is 290° m the vaouum of cathode light (Krafft, B&rgfeld). The 
colour of the fume of antimony is green (Lvnclc). 

Explosive Antimony. — In a bath of hydroohlorio acid and antimony 
proto-chloride, with antimony metal as anode and platinum-foil as 
cathode, metallic antimony is deposited upon the cathode. This 
antimony is quite different from the ordinary kind. Its hardness is 
less, being 5*78, and it explodes, when it is scratched with a sharp 
point, with the development of heat and the setting free of white 
fume When it is rubbed with a pestle m a mortar, strong detonation 
occurs, with a simultaneous development of light and heat The same 
phenomenon can be produced when the dried substance is heated to 
200°, the resulting reaction product bemg the ordinary antimony. 

Recently E Cohen and his students have made researches into this 
remarkable explosive form of antimony It can be obtained through 
electrolysis from a solution m chlorine and bromme , while, on the 
other hand, from a solution m fluorine alone only the^ ordinary 
antimony can be obtained, without any admixture of halogens. 

The important factors for the production of this particular explosive 
form of antimony are a particular temperature and a particular halogen 
concentration, the concentration of H being unimportant. The follow- 
ing table shows the fact that the temperature to render the explosive 
modification unexplosive varies directly as the concentration . — 
Concentration 

10% SbC] 3 , at 16°-17° } Binning and explosive , 28°, not ahmuig and not explosive 
15 6% ,, at 0 , ,, ,) 80 , ,, ,, ,» 

21 2% ,, at 10 , ,, i» 50 , M m n 

As a rule, the higher the concentration of the electrolyte is, the 
larger the quantity of the halogens taken up by the metal 

Its heat of solution is higher than that of the ordmaiy kind 
Hence the heat of transformation is the difference between the two, 
which is calculated to be 20 to 21 calories 

The sensitiveness of the explosive modification decreases with an 
increase of the amount of halogens m solution The stability 
mcreases as the temperature decreases Comparatively, tho explosive 
modification is meta-stable It is still uncertain whether it is 
crystalline or amorphous 

Black Antimony — Anothei meta-stable foim of antimony is black 
antimony It is produced when metallic antimony vapoui is 
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cooled. For its production a vacuum is used, suoh as that 
l for the production of yellow arsenic, heated inside by elec- 
id cooled externally by liquid air. It can also be produced 
Lg a ourrent of oxygen into liquid antimony hydride at - 40°, 
iting the yellow modification of antimony at - 90°. 
lack modification is amorphous, has a specific gravity of 5 3, 
sier liquefied and is more active chemically than the ordinary 
form. It oxidises easily m the air under ordinary tempera- 
d is sometimes spontaneously combustible. At 100° it 
gradually to the ordinary metal, but suddenly at 400° 
v Antimony — It is the most unstable of all the modifications 
ony. It was discovered by Stock, Guttmann, and Siebert, 
ssponds to white phosphorus and yellow arsenio. It cannot 
iced by a sudden cooling of antimony vapour, but only by 
ng oxygen into antimony hydride at - 90° The reaction 
accelerated by ozonising. It can also be produced by the 
chlorine upon antimony hydride 

ted, it is very unstable and changes into the blaok modifica- 
7 e - 90° under ordinary light 

cal Properties. — Pure antimony oxidises very little at the 
temperature. By being heated it is converted into the 
which rises in the form of smoke from the upper surface of 
bl. It can ako be oxidised by any oxides that can easily give 
■ oxygen component, eg manganese peroxide, quicksilver, 
Lea, etc. It can also be oxidised in the presence of steam, 
■n reduoes the trioxide 

icentrated nit no acid the metal can be converted mto the 
or the pentoxide through the agency of nitrous oxide, 
xide is produced depends entnely upon the temperature and 
jentration Powdered antimony, particularly if previously 
s powerfully acted upon by chlorine and bromine, resulting 
jroduotion of pentachlorides or pentabromides, with evolu- 
Lght 

lony is attacked by hydrochlono acid only when it is in the 
very fine powder. Dilute sulphuno acid does not attack it, 
Lth hot concentrated aoid it forms antimonious sulphate 
gia m the cold dissolves it easily, forming the pentachlonde. 
ignited with a mixture of nitre and soda it explodes, forming 
me antimomate. With alkaline mtiate and chlorate the 
jorepitates, resulting m the formation of an antimomate. 
netalloids, with the exception of boron, carbon, and silicon 
npounds with antimony 
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Section 3. — The Compounds of Antimony 

Antimony has three valences, 3, 4, and 5.* Its chemical pro- 
perties are very similar to those of arsenic. In other ways it stands 
close to the zino group, particularly to the elements germanium and 
zinc. The likeness between antimony and germanium is so close that 
the discoverer of the latter at first called it Eka-antimony of 
Olendelejeff. Analytically, antimony presents some difficulty in its 
separation from zinc. ( 

A. The Compounds of Antimony of 3 Valences. 

In this condition antimony is a weak base and possesses an electro- 
positive character. Its ion concentration is not great 

Antimony Hydride, SbH s — It corresponds to phosphorus hydnde 
(PH 8 ) and arsenio hydride (AsH 8 ). It was discovered by Lewis 
Thompson in 1837, and about the same time independently by Pfaff 
However, the production of pure antimony hydnde and the deter- 
mination of its physical constants are matters of recent times. 

It is formed when hydrogen is generated in the presence of a 
soluble antimony compound, or when the compounds of antimony 
and the alkali metals are decomposed by water, or when an antimony- 
zino alloy is treated with sulphuric acid or hydrochloric acid 

It can also be formed when metallic zinc is treated with a weak 
solution of hydroohlonc acid or of sulphuno acid on the addition of 
a solution of antimony salt. 

According to Stock and Doht, 1 gram of the alloy of zmo and 
antimony (Zn:Sb = 4:l) in a mixed solution of tartario acid and 
hydrochloric acid can pioduoe 01 to 0 15 gram of pure antimony 
hydride. But according to Stock and Guttmann a better result 
could be obtained by putting finely powdered magnesium antimomde 
(Sb . Mg= 1 : 2) into a cold weak solution of hydrochloric acid. 

Antimony hydride is a colourless, inflammable gas with a charac- 
teristic damp and weak hydrogen sulphide smell. It burns with a 
greemsh flame, producing a white smoke of steam and antimony 
trioxide 1 cm 8 weighs 5 302 mgims at 0° and 754 mm pressure 
On an average it is 4360 times heavier than air and 3994 times 
heavier than oxygen. The observed density, on account of mole- 
cular association or of molecular attraction, is 2 95 per cent, more 
than the theoretical one 

The boiling-point of the liquid is -18° (Olszewski) The specific 
* May be called til , quadn-, quinqrn- 
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density *s 2 26 at - 25° and 2 34 at - 50° {Stock and Guttmcmn) 
At -91*5° it becomes solid {Olszewski) 

1 vol of water oan dissolve £ vol of antimony hydride , 1 vol alcohol, 
15 vols j 1 vol. carbon bisulphide, 250 vols. at 0° The inhaling of 
even a small quantity of SbH s will produce giddiness and headache 
Antimony hydride is endothermic. Berthelot and Petit have 
determined that 84*5 calories of heat will be set free from the 
decomposition of one of its molecules. From this it can be deduoed 
that its decomposition may be accompanied by explosion 

At ordinary temperatures the rapidity of its decomposition depends 
upon the nature of the vessel containing it. In antimony hydride we 
have an instance of what is known as “auto-katalysis.” The decom- 
position of liquefied SbH 8 at room temperature is very rapid ; while 
in a gaseous state its decomposition at such temperature is slow 
Antimony hydride is very sensitive towards oxygen. At ordinary 
temperature these two gases react on each other with the formation 
of water and antimony. Even at - 90° (the melting-point of SbH 3 ) 
this reaction is still possible, with the production of yellow antimony, 
while at the temperature of liquid air there is no such reaction 
The oxides of nitrogen can easily be reduced by SbH 8 With 
chlorine it reacts with a simultaneous development of light and a 
loud noise 3 with bromine it reacts with less energy , and with iodine 
the action is slower still Alkalies decompose it When it is acted 
upon by powdered sulphur, the resulting products are sulphuno acid 
and orange sulphide of antimony. 

Alkyl-combination — Antimony hydride (SbH s ), like arsenic hydride 
(AsH g ) and phosphorus hydride (PH a ), can give rise to organic com 
pounds m which the H-oomponent is replaced by an alkyl It is 
then called stibvne It can be produced by allowing lodme-alkyls 
to act upon potassium antimomde or upon sodium antimonide, or by 
the reaction between antimony chloride and zmc-alkyls. 

It is self-inflammable and is not soluble in water It reacts upon 
oxygen, sulphur, and chlorine with the formation of SbR 8 0, SbR a S, 
SbRgC^ It behaves like a metal thus — 

SbRg 4- 2HC1 = SbRgCla + H a 

Some of the constants of the compounds are . — 

Boiling-point Sp Gr. (15°). 

Tnmethylatibme, Sb(CH a )8 . . 81° 1 623 

Tnethylatibme, Sb(C a H B ) 3 . . 169° 

Like phosphine and arsine, the tertiary stibine has the power of 
combining with iodine-alkyls, forming a salt which is called the 
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oompouud of stibonium. In a solution it can be ionised into SbR 4 
and I' 

Some other compounds are • Tetramethyl stibonium chloride, 
Sb(CH a ) 4 Cl, tetraethylstibomum chlonde, Sb(C 2 H 6 ) 4 01, tetramethyl- 
stibonium hydroxide, Sb(CH 3 ) 4 OH. 

Antimony Tnhaloids. — Antimony combines with the halogens 
to form a senes of characteristic compounds For fluorine, 
ohlonne, and iodine there ooour the tn- and pentahaloids j and for 
bromine only the trihaloid is known The characteristic of the 
tnhaloids is the capability of being hydrolysed , and m water they 
form insoluble oxyhaloids. 

Antimony TrifluondeS. — When metallic antimony is brought into 
an atmosphere of fluonne, it bums, with the production of a white 
solid fluonde, probably the trifluonde (Moisscm). When antimony 
trioxide is put into hydrofluono acid and the solution is gradually 
diluted, crystals of fluoride are deposited. As an amorphous mass, 
it can be produced by dry distillation of antimony powder with 
quicksilver' fluonde. 

The tnfluonde is dimorphous, and it crystallises generally in rhombic 
ootahedra, but sometimes also m prisms. Aooordmg to Ruff and Plato, 
its specific gravity is 4*379 at 20 9°, and its molecular volume 40 3 

By mixing antimony tnoxide and the carbonate of alkalies in 
hydrofluono acid, the following complex alkali-antimony fluondes are 
obtained — 


Chemical 

Formula. 


Crystalline 

Forms 


Solubility 
m Water 


Remarks. 


Observers. 


LiSbF 4 , LiF 

NaSbF 4 , 2NaF 
KSbF 4 

KSbF 4 .KF 

NH 4 SbF 4 NH 4 F 
CsSbF 4 


Crystallises with 
difficulty 
Small prisms 
Large rhombic 
ootahedra or 
prisms 

Leaf- like or in 
plates. 

Rhombic plates 
or prisms 
Prisms. 


1 >20 

1 14 

1 2 8 


1 . 9 (at 13°) 
1 ^(boil- 
ing-point) 
1 0 9 (cold) 


CoRbF 4 .CsF 
4C^3bF 4 3SbF a 

CaSbF 4 SbF 3 
CsSbF 4 2SbF, 


Rhombio pnsms 
Generally in 
plates. 
Needles. 

Pnsms 


Fluckigei 


Beoomes dull 
in air 

Melts at 120° 


jj 

Wells and 
Metzger | 
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A solution of this kind of salt has an aoid reaction, thus showing 
that the salt in solution is at least partially dissociated into an alkali 
fluoride and an antimony fluoride 

Antimony Trichloride. — This oompound has been known since the 
time of Basil Valentine, who knew a method of producing it by dis- 
tilling chloride of mercury with antimony trisulphide, and named it 
“ butyrum antimonn * 

When afttimony sulphide, taken m excess, is heated m a current of 
chlorine, the resulting product is a mixture of two chlorides, chloride 
of sulphur and chloride of antimony, which can be separated by 
fractional distillation 

The best way to produce chloride of antimony is thus — 1 part of 
orude antimony is added to 4 to 5 parts of concentrated hydrochloric 
acid in a retort, in which, from time to time, a small quantity of 
potassium chlorate is placed m order to oxidise any accompanying 
sulphides that might be present in the crude material used. The 
distilling of the solution is commenced as soon as the sulphide is 
completely dissolved. If the material contains muoh lead, the latter 
will be separated out as lead chloride with a violent pressure on the 
wall of the vessel. When this happens, it is best to allow the 
solution to cool down and to pour off the liquid from the deposited 
residue. The concentration of the liquid is continued until a diop 
from it becomes solid. On redistilling it the chlorides of foreign 
metalB remain behind, while the chloride of antimony, together with 
a little irou chloride, is distilled over In order to obtain an iron-free 
chloride, it is then put into water, when the iron chloride is dissolved 
and the antimony chloride is changed into an insoluble oxychlonde 
This is washed, redissolved in concentrated hydrochloric acid, boiled, 
and then distilled as before. The distillate will give rise to 
transparent, white orystals of the rhombic system At 26° the solid 
chloride has a specific gravity of 3*064 (. Lcundolt , Bormtein, 

Meyerhoffer) The melting-point is 73*2°, and the speoifio density of 
this colourless liquid is 2*676 The molecular volume is 100 7 (Kopp), 
The boilme-noint is 223° under atmospheno pressure, 113*5° under 

w), and 103° under 14 mm 
', or a little more than 7*85, 

-qmide of carbon and ether. The 

complex salts of antimony chloride 
nts : — 
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Complex Salts (Colourless) 


Chemical Formulas 

CiyBtalliiie Forms 

Observers, 

KgSbClg 

NagSbOin 

(NH 4 ) 3 SbOl fl 

Crystalline leaves. 

ii n 

Right-angled piisnlfl 

Folding’s Diet 

SbCl a 2KC1 

Tnclmio columns. 

... 

SbCl 8 2NH 4 C1 H a O 
2SbCl 8 SCsOl 

Cubes. 

Saunders 

SbCl 8 RbCl 
2SbCL Kb Cl H a O 
10SbCla.23RbCl 
7Sb01 a 16RbCl 

... 

Saunders & Wheeler 
Wheeler. 


Saunders 

if 

SbCl B BaCL 2iH a O 
2SbClg. Hdl. 2H a O 

Star-like needles. 


Crystalline leaves 

Engel. 


Besides these products of addition, there occur a gieat number oF 
products of displacement With concentrated Bulphunc acid the 
chloride is changed to the sulphate, with the production of hydro- 
chloric acid 

The solubility of the trichloride is as follows (after Bemmdlen^ 
Meerbuig , and Noodt ) : — 

Temperature 0° 15° 20° 25° 30° 85° 40° 50° 60° 72° 

Mol Sb01 8 47<0 64>9 7g 0 78 6 84 . 9 91 . 6 108 8 152 . 5 3fl0 . 4 „ 

100 mol. H a O J 

An excess of water will give rise to a strong hydrolysis and the 
separating out of basic antimony chloride, the composition of which 
depends upon the temperature and the quantity of water. 

If heated with antimony sulphide, the chloride is changed to the 
sulphochloride, which is used as a medicme and as a corrosive or 
macerating agent for wool 

When antimony ohlorme is dissolved m formamide, a peculiar 
phenomenon is observed The chlorine atoms of the chlorine 
gradually change places with the NH.COH as dilution moreases, 
with the formation of a senes of ever-changmg compounds, thus:— 

Sb $&COH, ^(NH.OOEOj, S^(NH OOH),. 

This kind of reaction is called amidolysis ( Bruni and Mannelli ) 

Antimony Tribromide. — When powdered antimony is put into a 
solution of bromine, the intensity of the heat evolved is so great that 
the bromine ib vaporised and the metal is melted. In order to 

2 
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counteract this effeot, bisulphide of carbon is used. The solution 
then distilled, producing the tnhronude, which can be purified 
sublimation Obtained in this way, it is a colourless crystall 
mass, though crystals belonging to the rhombic system can be forn 
from a solution of bisulphide of carbon The specific gravity of 
solid mass is 4 148 at 23° It melts at from 90° to 94°, formmj 
liquid having a specific gravity of 3 641 Its moleoular volume 
116 8 (Kopp) The boiling-point is 27 5 *4° 3 and the speoifio dens 
of its vapour is 12 57 ( Worcester). 

Its ohemioal properties are analogous to those of the trichloride 

It absorbs water from the moisture of the air, and in water 
changes into an oxybromide. 

The complex salts are — 

2SbBr s SRbBr, 10SbBr s 23RbBr ( Wheeler ), 
and the yellow ammonium salts are 

3SbBr a 7NH 4 Bt, 2SbBr s .3NH 4 Br (Oaven), 

Antimony Tri-iodide can be best obtained by putting the \ 
verised metal in a solution of iodine in bisulphide of carbon u 
a slight excess of the metal The medium UBed is then distilled 
and the product thus obtained is purified by sublimation (Nich 
The reaction will be very energetic and violent if bisulphide of car 
is not used The powder must also be added m small quantity t\ 
time. 

The solid tn-iodide has been observed to possess three allotrc 
modifications, the relationship of which, one to another, is not 
known. The stable form, crystallising in the hexagonal system 
obtained by sublimation at a temperature over 114°. It can also 
obtained from a diluted solution. It is red, and its speoifio gra 
is 4 848 at 26°. It is isomorphic with bismuth iodide The m 
stable form, crystallising in the monoclinio system, is obtained 
allowing the carbon bisulphide solution to be evaporated in sunsli 
It is red, and its specific gravity is 4 768 at 220°. The most unsti 
of the three is the greenish-yellow rhombic form, whioh is obtai 
through sublimation at a low temperature At higher temperati 
the two unstable forms change to the stable modification. 

The melting-point of the stable form is 167°. The liquid is gai 
red and boils at 401°, forming a red vapour, the specific densit 
which is 17 59, the theoretical one bemg 17 33 

The tri-iodide is soluble in carbon bisulphide, alcohol, and boi 
It is changed to the sulphate m sulphuric aoid. 
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The other properties of the tri-iodj.de are analogous to those of the 
trichloride and the tribromide 

The following are some of the complex salts * — 


Chemical Formula. 

Colour 

Crystallisation. 

Observers. 

NE 4 SbI 4 Sbl^SHnO 
2NH 4 SbI 4 NH 4 I SH a O 

Red. 

Dark - brownish 
black. 

Red. 

Prisms 

Small leaves 


2NH 4 SbI 4 NH 4 I 

ii 

Oaven 

NH 4 SbI 4 3NH 4 I 

9 J 

Prisms. 


NH 4 SbL 8NH 4 I 3H a O 
BaSbL 9H a O 
2RbSbI 4 .RbI 

Almost black 

9 9 


Orange-red. 

Rhombic prisms. 

Wheeler. 


Antimony Trioxide, Sb 4 0 8 — In nature it appears under two forms 
aB rhombic oxide and as senarmontite belonging to the octahedron 
form of crystallisation It can be artificially produced by roasting 
pure antimony in a crucible with a current of air The oxide thus 
obtained might contain some tetroxide It can also be obtained by 
heatmg the metal to red heat in a current of vapour ( Regnavlt ). The 
two crystalline forms of trioxide found in nature can be artificially 
produced ( Bonsdorff, \ Mitsckerlich , Wohler , H. Rose, De& Gloiseaux) 
The rhombic form has a specifio gravity of 5 6, while the octahedral 
form has 5 22 to 5*33. The octahedral form can be transformed into 
the rhombic form by rapid heating. The specific heat of the tnoxide 
is 0 0927 between 18° and 100° {Neumann). When it is m the form 
of a white powder it becomes yellow when heated, regaining its 
whiteness on cooling It melts at a dark-red heat, forming a yellow 
liquid which, on being suddenly oooled, solidifies to a gray mass 
resembling asbestos. It is volatile and can be sublimed at higher 
temperatures. The speoific density of its vapour is 19*60 at 15 60°, 
as opposed to 19 19, the theoretical value ( V. Meyer and C. Meyer). 
The trioxide is neither soluble' m water, nor in dilute sulphuric acid, 
nor in dilute mtnc acid. With hydrochloric acid it is changed into 
the chloride, with tartan c acid to the complex salts of antimony 
tartrate, and with the hydroxides of the alkalies to antimonates. All 
these are soluble m water. If the vaporised tnoxide and air be passed 
over ignited, finely divided oxides of those metals which form com- 
pounds with antimonic acid, antimonates are formed from the reaction 
between the oxides and the antimonic acid 

The trioxide can be reduced by hydrogen to metallic antimony 
When the tnoxide is heated in the air, it is oxidised to the tetroxide, 
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Sb 2 0 4 Sulphur reacts upon the tnoxide with the formation of anti- 
mony sulphide and sulphur dioxide With antimony sulphide the 
tnoxide melts without decomposition, forming the so-called antimony- 
glass The tnoxide, especially m the form of vapour, is poisonous 

The equilibrium existing between the tnoxide, the tetroxide, and 
oxygen, and also the partial pressure exercised by the oxygen, when 
the metal is heated in the air, are still unknown 

Antimony Hydroxides or Hydrates.— The three possible hydrates 
of antimony, as denved from antimony tnoxide, are . — 

HSbO a =(Sb a O s -l'H a O) or (SbO)OH, metantunomous aoid or monohy- 
drate or metaliydrate 

H 4 Sb a O B =(SbaO s + 2H a O), pyro-antrmomous acid 
Sb(0H)3=(Sb a 0a+3H20), ortho-antimomous acid 

HSbO a is obtained by decomposing tartrate of antimony and 
potassium with acetate or alkaline oarbonate [Long), This hydrate 
presents the character rather of a base than of an acid. Nevertheless 
it can give nse to the formation of antimonites 

H 4 Sb 2 0 6 is obtained by dissolving antimony trisulphide m an alls filme 
liquor, which is subsequently sulphunsed by the addition of copper 
sulphate (Fresenius and SchaffTier) until a portion of the liquid, 
filtered off, gives, with an acid, a white preoipitate. Aided by heat, 
it changes gradually to the anhydnde form, even m the presence 
of water. The dissociation tension (Dissozmtwmspannwig) of this 
hydrate is greater than the vapoui -pressure of water. Serono doubts 
the existence of this hydrate 

Sb0 8 H 8 ( Clarke and Stallo) is obtained by decomposing tartrate of 
antimony and barium with an equivalent quantity of cold dilute 
sulphuric acid. After filtration, the hquid gradually gives nse to a 
deposit of white powder, which is then carefully washed and dried 
at 110°. 

These hydrates are not known as crystals They are amphotene 
m character , on the one hand they behave like acids, formmg anti 
monites with the alkalies, and on the other hand hke bases, forming 
salts of the acids used. 

Antimonites. — They are salts formed from the aoids derived from 
SbgO B , and are obtained from a solution of antimony hydroxides u 
alkaline liquor The sodium salts derived from HSbO a are : — 

Sp Gr 

NaSbOfrSHaO Octahedron. 2*86 Very hard to dissolve m hot water 

NaSbO a 2HSbO a Large cry stale 5 06 Almost insoluble in water 

A solution of sodium metantimomte gives a precipitate fron 
the salts of heavy metals. Cupnc antimomte is precipitated whei 
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a copper sulphate solution is added to a solution of tartar emetic. 
A solution of alkaline antimomte has a reducing oharaoterj for 
example, chromates can be thus reduced to chromites, etc. 

Antimonious Oxyhaloids. — When water is allowed to act upon 
the halogen combinations of antimony, it is observed that there 
results a deposit of a white crystalline material By hydrolysis, a 
basic salt of antimony produces * — 

(la) Antimonious oxy fluoride , Sb 4 O a F Q . This is obtained by eva- 
porating a solution of antimony trifluoride FC1 is evaporated off, 
and a white oxyfluonde is left behind 

(16) Sb 8 O 7 F 10 was obtained by Fluokigen from the aotion of 
humidity upon the trifluoride. 

(2) Antimonious oxychloride. This has long been known as 
the product of the action of water upon antimony trichloride 
Paracelsus (1493-1541), Glauber, and Basil Valentine wrote about 
the methods to obtain it They desonbed it as a white powder and 
called it mercunus vitce Later, Victor Algarotus, a physician, used 
it as a medicine, and hence it came to be called Algaroth powder In 
1871 Sabanejew first succeeded in unravelling its chemical composi- 
tion According to him, the first pioduct of water acting upon the tri- 
chloride is SbOOl, which, when agam acted upon, changes to Sb 4 0 6 Cl 2 
Still later, van Biemmelen, Meerburg, and Noodt found another 
oxychloride whose probable composition is 2SbOCl.SbCl a «= Sb 8 0 2 Cl 6 . 

(2a) SbOCl is the normal oxychloride, giving rise to beautiful 
crystals It is soluble m bicarbide of sulphur, benzol, and chloro- 
form, but not m water, alcohol, or ether. 

(26) Sb 4 0 6 Cl 2 is not soluble in alcohol, but is soluble in hydro- 
chloric acid and tartaric acid. It is the principal constituent of 
Algaroth powder. 

(2c) Sb a 0 2 Cl 6 is decomposed by water, with the formation of SbOCl 
(2 d) Sb 8 OCl 22 or SbOCl + 7SbCl a ( Schneider and Sabanejew). 

(2b) SbOCl 8 . 

(2 f) Sb 3 OCl 18 or SbOClg + 2SbCl fi ( Williams) 

(2 g) Sb 3 0 4 Cl 7 or 2SbOCl a + Sb0 2 Cl (Williams). 

(2 h) Sb 8 O n Cl 2 (Cooke, Sabanejew, Frenzel) 

(2i) 10Sb 4 O 6 Cl 2 

(за) Antimonious oxybromide , Sb 4 Br 2 0 6 (Cooke, Semdlas , and 
Mac-Ynov) 

(зб) SbOBi (Cooke) 

(4a) Antimonious oxyiodide, SbI 4 O r ,, yellowish in colour, 

(46) SbOI 
(4c) Sb 4 0 5 I 2 
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Antimony Tnsulphide, Sb 2 S 8 — It oan exist in two forms. (X) 
orystals, (2) amorphous 

1 Crystals —They oan be obtained by fusing antimony and. 
sulphur together in proper proportion and then compressing tb.o 
fusion product (Spring). They oan also be obtained by the following 
methods . — 

(la) Reduction by the use of sulphur in excess upon oxide of 
antimony ( Jannash and Remmler) or antimonate (Unger). 

(16) Action of hydrogen sulphide upon the vapour of the trichloride 
( Dwrocher , Arctowshy) or any other compound of antimony (Camot)- 

(lc) Aotion of a solution of sulphur anhydride upon antimony in 
closed tubeB (Geitner). 

(l d) Reaotion between ohlonde of sulphur and antimony (Her?*- 
mown and Kochlm). 

(le) Reduction of oxide of antimony by sulphooyamde of potassium- 
at high temperatures (Wawen). Aotion between tai tar emetic and a* 
solution of sulphooyamde of ammonium in closed tubes heated fco 
280°-250° (Weinschmh), 

(l f) Decomposition of the pentasulphide, heated to 200"-230° ix* 
a ourrent of carbonic anhydride (Rose, Paul) 

(ly) Crystallisation of the amorphous sulphide under the actioix 
of heat m a ourrent of inert gas or hydrogen sulphide (Mourlof* 
Mitchell) ; or by the aotion of vapour m closed tubes heated to 200° 
( Schwnarni, Be S&narmont). 

System of crystallisation, rhombic. Hardness, 2 to 2*5. 

Specific density is as follows : — 


D =4 608 (Neumann) 

D = 4 624 ( SchrQder ) 
D lfl =4 890 

= 4*614 to 4 641 {Rose) 
D = 4* 7 62 ( Karden) 
D lfl =4 766 to 4*806 (Rose) 
Dtf=4*29 (Cooke) 

D lfl = 4*640 (Rose) 

D =6 01 „ 

D =4 67 „ 


| Natural sulphide. 

) Sulphide produced by combining the 
elements 

1 Sulphide produced by fusing the amor- 
j phous sulphide. 

} Transformation of the amorphous sul- 
phide by dilute acid. 

Reduction of the pentasulphide 


It is a conductor of electricity Its speoifio heat is 0*0907 (NewmaiiiL) 
or 0 0840 (Regnault) 

2. Amorphous . — There are three modifications of the amorphous 
sulphide . — 

(2a) The ordinary metalho black sulphide It is easily powdered, 
giving a streak like that of graphite. Its specific gravity is between 
4*6 and 4*7. 
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(2 b) The red modification is generally obtained m the presence of 
water Hence it may be considered as a hydrate of the trisulphide, 
i.e Sb 3 S g .2B^O But both Rose and Fuohs have been able to obtain 
thiB red variety, by quickly cooling the liquefied sulphide, with 
the speoifio gravity 4*1 5 It can be obtained thus . — 

a Dry Method (Quinchant and Chretien) — A small boat, filled with 
the sulphide, is heated in a porcelain tube traversed by a current of 
mtrio acid In the vicinity of the boat the porcelain tube is cooled 
by a current of running water, upon which the sulphide deposits 
The boat must be heated to 850° The product thus obtained 
contains a little sulphur, which oan be washed off. Its specific 
density is 4*278. 

/?. Wet Method — The product obtained by passing H 2 S into a 
solution of antimony salts or tartar emetic has an orange-red colour. 

(2c) The dark violet modification is obtained by pouring the 
liquefied sulphide into oold water In transmitted light a thm section 
appears red. The streak is also red. 

When heated to high temperatures, the red modification changes 
to the ordinary black sulphide 

The density and the heat of formation of these three modifica- 


tions are : — 

Density. 

Heat of Formation 

Red .... 

. 4 120 

Wet = 34’0 oal., diy = 32*0 

Violet 

4*278 

83*9 

Black (melted) . 

. 4 662 

38 2 

Black (synthetic) 

4 650 



From the above, the heat of transformation can be calculated — 


Violet->black = + 4 3 oal 
Red (dry)->black = + 6 0 „ 

Red (wet)->black= + 4*2 „ 

Specific heat = 0 0816 between 20° and 500* i 0*220 at 500*. 

Meltmg-point = 555° (JPSlabon) ; the heat of melting = 17*5 oal. 
(i Gmnchant and Chretien ). The speoifio heat above the melting-point 
= 0*263. 

The liquefied sulphide is capable of dissolving HgS, Ag 2 S, 

PbS, and BiS The melting-point of the sulphide is lowered m a 
regular manner when any of them is being dissolved. This fact en- 
ables one to determine the molecular weights of these sulphides by 
using antimony sulphide as the solvent (Qainchant and Chretien, , and 
PSlabon) The molecular depression constant of the sulphide is 
k = 790 (determined from Ag 2 S and PbS), 797 (from Cu^S) , 
and £=788 (from HgS) ( Pttabon ). 
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The Biilphide readily dissolves metallic antimony In fact, antimony 
and antimony trisulphide are soluble m each other This solution 
gives use to two layers, which have been studied by Chretien and 
Gumohant, and Pdlabon 

The specific density of a solution of antimony and antimony tri- 
sulphide is . — 


Specific Density. 

Temperature 

The Sb Layer The SlijjSj Layei 



0 

13 

6 75 


4 63 



043 



8 85 



698 

6 55 


M| 



1116 



3-82 



1150 

0 45 




The composition of the Sb phase ■ 




Temperature. 

Per cent. 
Metal 

Tempeiature 

Per cent 
Metal. 

Temperature 

Per cent. 
Metal. 

539 

11 28, 

702 

16 8 

1036 

21 ‘0 

595 

13*2 

760 

17 06 

1108 

21 8 

040 

14 34 

800 


1130 

21 8 

660 

15 7 

825 

20-0 

1167 

21 2 

098 

16 5 

900 

20 0 

1180 

21 T 


Above 360° the reaction between SbjSg and H is thus — 

SbjjSg-r 8H2^Sba+ SETjjS 

(Berthier, Schneider, Rose) The relative importance of this reaction 
has been studied by Pelabon. 

Fluorine decomposes it in the cold, with the production of a blue* 
flame and fluoride of antimony {Moismn) 

Chlorine reaots upon, the crystallised surface m the cold , if heat I*, 
applied, the trichloride and chloride of sulphur are formed (Rose). 

Bromine attacks it when heated (Jannash and Remmil&r) With 
iodine it gives rise to iodine sulphide and the tn-iodide ( Schneider ) 

Air and oxygen oxidise it easily to Sb 2 0 8 when heated Buchner 
says, however, that the very finely pulverised powder can be actor l 
upou by oxygen at ordinary temperatures 
With ozone it forms the sulphate (. Mailfet't ) 
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Boiling water oxidises it slowly Aocordmg to De Clermont and 
Frommel, hydrogen sulphide is evolved at 89° Oxidation is only 
accelerated in the presence of the vapour ( Regnawlt ) Hydrogen 
peroxide, according to Thenard, gives nse to the sulphate. If water 
is m excess, antunomo acid is produced (Zamlelli and Luzzato), and 
in the presence of the alkalies antimonates are formed (. Harnype* , 
Ra&chig). 

Hydrogen sulphide combines with it to form salts of sulphantimon- 
ltes with the metals. 

Phosphorus hydride attacks it, with the formation of hydrogen 
sulphide and antimony phosphonde (AT. Rose). 

With chloride of phosphorus it forms ohlonde of antimony and 
sulphide of phosphorus, and also sulphophosphoride of antimony 
(. Br<mdvmont ). 

Carbon monoxide reduces it only partially, while carbon reduces it 
completely to the metallic state 

The sulphide is desulphurised by potassium, sodium, copper, iron, 
and zinc. 

By heatmg the sulphide in a solution of ammonium ohlonde there 
is produced the chlonde together with ammonium sulphide, which 
passes off with the aqueous vapour (PA. de Clermont) 

A boiling alkaline solution decomposes it mto the oxide, while 
sulphide of the alkalies is formed , by a secondary reaction antimon- 
ltes and sulphantunomtes are formed. The same result can be 
obtained by fusion. 

Sulpho-salts and sulphantimomtes are formed by the reaction 
between the sulphide and alkaline sulphide 

Carbonates of the alkalies act like the alkaline hydrate , they give 
nse to the formation of the oxide and Bulphides of the alkalies, with 
evolution of carbonic aoid , secondary actions produce sulphantimon- 
ltes, antimomtes, and antimony sulphide. The solution of the sul- 
phide ib never complete, even when it is heated , and, according to 
Terreil, carbonate of potassium does not help it This has been 
demonstiated by Weppen and affirmed by Terreil When a solution 
of sodium carbonate, to which the sulphide has been added, is being 
cooled, there are formed the sulphide, neutral and acid antimomtes 
of sodium, and antimomous acid, constituting what is called 
“ Kermes mineral ” 

A solution of sulphurous gas has no action upon it {Berthier ) , but, 
according to Goverant, a small quantity of the sulphide is attacked, 
with the production of hydrogen sulphide and sulphur Dilute 
sulphuric acid has no action upon the sulphide crystals, but attacks 
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the ^amorphous sulphide slowly, perhaps giving rise to crystals of the 
sulphide. Strong sulphuric aoid changes it to the sulphate {Rose^ 
Websky, Heuagm)* Fuming nitric acid attacks it, with the formation 
of sulphuric acid and antrmonio acid, while ordinary nitric aoid 
attacks it to form the nitrate and the sulphate, with the separation of 
sulphur (Bimsen). 

Oxidisors, such as chlorate and nitrate of potassium, decompose it 
with explosion It is also decomposed by a mixture of ammonium 
chloride and ammonium nitrate. 

The sulphide is sensibly dissociated at about 600° ( Ouinchant and 
Ohrttien), and is completely so m the electric furnace of Moisaan 
(Mowrlat) 

Thio-antimonious Acids or Sulphantmonious Adds. — These 
aoids are not known in the free state In fact, they decompose 
immediately after their formation into hydrogen sulphide and 
sulphide of antimony. The complex anions of the acids are only 
stable in the presence of a neutral solution or in that of hydroxyl ions 
The thio-antimomous acids are m part dissociated into the neutral 
and S" ions. 

The important thio-antimomous acids or sulph-antimomous acids 
are — 

H 8 SbS 8 , oTtho-thioantmiomous aoid, or normal sulphanthnomous acid 
=Sb 2 S 3 8H a S 

B^SbflSa, pyro -thioantunomonfl acid, or pyro-sulphantimonioua aoid 
= Sb^Sg. 2 HqS 

HSbSg, meta-thioantimomous acid, or meta-sulphantimoniouB acid 
=SbflS 3 HgS. 

H a SbA=2SbaS a H a S 

The following are some of the important salts formed from the thio- 
antimomous aoids, according to Pouget and Stauok . — 


Chemical 

Composition. 

Colour 

Crystal Form. 

Solubility. 

ILjSbSjj 

Colourless. 

Crystalline. 

Very easily soluble. 

K 4 SbgS B 


Octahedron. 

KSbS* 

Red. 

Prismatic. 

Not soluble m cold water. 

KnSbA 

NajSbSjjQHaO 

NaBbS* 

Na.,Sb 4 S 7 2H a O 

(NH^bS, 

Red. 

Octahedron 

Easily soluble m water. 

Blaok 

Powder 

Not soluble in water. 

Red. 

Crystalline 

,, 

White 

Powder 

Soluble in water ; not 



soluble in alcohol. 

NH 4 SbS22H 2 0 

Yellow. 

Needles or 

Not Boluble in water. 


leaves 
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Chemical 

Composition. 

Colour. 

Crystal Form.^ 

Solubility 

(NHJaSbA 

Red. 

Microscopic 




needles 


BagSbgSgSHaO 

Golden 

yellow 

Grayish 

Crystalline 

... 

BaaSbjSgQHaO 

BaaSb^lOHaO 

... 


green 

IM 

• as 

Sr 8 Sb s S 0 lOH 2 O 

White! 

Crystalline 


SiaSbaSalSHgO 

Ca^baSsUHaO 

Yellow 

Crystalline 


AggSbSo 

Brown. 


Not soluble in water 

KAgoSbSj 

Zn 8 SbaS 8 

Brown. 

Crystalline 

i» 

Orange 

Amorphous, 

* i 

KZnSbSg 

White 

Crystalline 

>» 

MngSbjjSg 

... 

Amorphous 

>) 

KMnSbS s 

Rose 

( 'rystallme 

i) 

PboSbjjSg 

KPbSbSg 

Brown 

Amoiphous. 

ii 

Brown 

Crystalline. 

1 

i i 

FegSb a S a 

NigSbjjSg 

... 

n 

V Amorphous 

Oo 8 Sb a S 6 



CUgSboSg 

CujSbSa 

Black. 

Reddish 

brown. 

Yellow. 

Amorphous. 

Crystalline 

n 

i> 

KOiiaSbSg 

Crystalline, 

n 


The native minerals corresponding to some of these salts or to 
some other of the salts of thio-antimomous acids, are — 


Ortho -■ thioantimonites 


Meta-thioantimonites 


i 


Pyro-thioantimomtes 


{ 


Boulangente, (SbS s ) a Pb 8 " 
Pyrargynte, (SbS 8 )Ag 3 
Boumomte, (SbS 8 ) 54 Pb a "Cu". 
Zinkenite, (SbS a ) a Pb". 
Miargynte, (SbSg)Ag 
Wolfsbergite, (SbSJfCu''. 
Berthiente, (SbS a ) 2 Fe" 
PlumoBite, Sb a S B Pba. 

Pan abase, Sb a S B (0nFe) 2 . 


Antimony Sulph-haloidfl. — When the tnsulphide is dissolved m 
a solution of chloride of antimony, the sulphochloride is formed , 
but it has not been possible to isolate it (Schneider), The brown mass 
is crystalline and is strongly hygroscopic The important sulpho- 
ohlondes are — 


SbSCl, SbSCl + 7SbCl s , Sb 4 S fl 01 2f SbSOlg, SbsSnOla, SbCl 0 SbCl 4 . 

The sulphiodide, SbST, is obtained by fusing the tnsulphide and 
the tn-iodide together Sb 2 S 8 I 6 may also be mentioned. SbSBi 
exemplifies the sulphobromides. 
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Antimony Oxysulphide, Sb 2 S 2 0 or Sb 2 O 0 2Sb 2 S 8 — This can be 
obtained by imperfectly roasting the sulphide. The substance thus 
obtained, on being melted m a crucible, gives upon ooolmg a 
vitreous mass called “ antimony glass ” 

Antimony, Tnselemde, Sb 2 Se g —This is obtained by melting 
antimony and selenium together m proper proportion. It iB gray, 
metallic, and crystalline The amorphous variety is m the form of 
a black powder, which ib obtained by passing the selenium hydride 
gas ipto a solution of tartar emetic. At 145° the black powder 
cakes mto a gray mass (Chdsmann) , at 605° this melts, and on 
cooling crystallises out ( Pttdbon ). When in the liquid state it can 
dissolve the sulphide; and when heated m air it ohanges to the 
trioxide, with the formation of selenium dioxide. 

The other less important compounds of antimony and selenium 
are Sh^gSe*, Bulphoselenide of antimony ; 2Se0 2 Sb 2 0 8 JH a O, the basic 
selenite of antimony ; and 4Se0 2 Sb 2 0 8 , the acid selenite of antimony 
(Nelson), 

Antimony Telluride, Sb 2 Te 3 . — This is obtained by fusing antimony 
and tellurium together m proper proportion. It melts at 595° and 
is a solvent for metallic antimony 

Antimony Sulphate - -This is obtained by dissolving the metal oi 
the oxide in concentrated sulphuric acid On cooling, the sulphate 
crystallises out m long needles Its specific gravity = 3 ‘6246 
and it is very hygroscopic ( Schultz-Sellack , Metzl) When watei 
is added to it, the hydiate, Sb 2 (S0 4 ) 8 2 JH 2 0, is formed When 
heated in air, it changes to the trioxide and the tetroxide, with the 
evolution of S0 8 

The neutral salt= (SO^gSbg ( Dext&\ Adie). 

The basic salt is obtained by putting the neutral salt into a more 
or less dilute solution of sulphuric aoid The most important basu 
salts are * — 

2S0 8 7Sb a 0 3 3H a O (Adie) * 

SO 3 . 2 Sb. 2 O 3 f^HgO (Ache, Heasgen, Dexter, Pihgot ). 

S0 3 SbjjOg or S0 4 (SbO)a ( Brandes , Dexter), 

6S0 3 .8Sb a 0 3 2H a O {Dexter). 

2S0 8 Sb fl O s H a O ( Adie , Dexter , Piligot). 

The important acid salts are — 

(S0 4 ) 8 Sb 2 SO a or Sb a 0 3 4SO s (Schultz-Sellack, Adie). 

(S0 4 ) s Sb 2 6S0 3 or Sb a 0 3 8S0 8 (Adie, Dexter) 

The complex salts of antimony sulphate, which may then b< 
regarded as the salt of the complex acid H [Sb(S0 4 ) 2 ], can be obtamec 
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by dissolving the alkali sulphates and the oxide in concentrated 
sulphuric acid. They are — 

Specific Density. 

Na[Sb(30 4 ) a ] 3 2m 

K[Sb v S0 4 )a] 3 3396 

NH 4 [Sb(S0 4 )J 3 0948 

Antimony Nitrate — It is obtained by dissolving the oxide m 
cold fuming nitric acid On moderate heating it changes to the 
pentoxide, which is again converted into the teti oxide on furthei 
heating Finally the tnoxide ib produced (Pchgot) 

Antimony in combination with nitnc acid and oxygen gives rise to 
two salts : 2Sb 2 0 6 N 3 O fi and 2Sb 2 0 6 N 2 0 8 . 

Normal Antimony Acetate, Sb(C 2 H 8 0 2 ) 8 , is slfghtly soluble in 
benzol, and is not soluble at all m etherfetc 

Antimony with Phosphorus forms the following combinations — 

(a) SbP, antimony phosphide, is white and metallic, obtained from 
the reaction between phosphorus and liquefied antimony. 

(b) Phosphite of antimony. 

(c) Sulphophosphate, PS 4 Sb 

Antimony with Arsenic gives rise to the following — 

(а) Arsenides SbAB, Sb 2 As, and SbAs 8 

(б) Arsemte 

Complex Salts of Sb'" with Organic Acids — Thei e is a laige 
number of these Balts The best known are the salts formed with 
tartaric acid and tartar emetio, 2C 4 H 4 O 0 Sb0K.3H 2 0 

Some of the complex antimony oxalates are . — 


Composition 


Form 


_ 2^ 
H a O 


NaSb(< 

KSb(C 
NH 4 Sb(i 
K 8 Sb(C 2 b 4 ) 3 "4H 2 0 
NogSKCaO^BHaO 

(NH^ShfOAk l£H a O 
KioSb^CAhi 28H a O 
KjoSb^CAhi 7H a O 


Large monoclimo pnams. 
Crystalline needles 
Beautiful prismatic crystals 
Star-grouped needles 
Small rhombic crystals. 
White needles. 

Monochmc prisms. 

IS II 


B. The Compounds of Antimony of 4 Valences 
The nurnbei of these compounds is very small The important 
ones are — 

Antimony Tetroxide, Sb 2 0 4 . — In nature it is known as antimon- 


in/* \Q 
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ochre, cervantite, and stiblitb It is obtained by heating the metal or 
the trioxide or the trisulphide for a long time m air. The same 
result is obtained when nitrate of antimony is heated to red heat 
Pure antimony tetroxide is a white powder, which changes to 
yellow on being heated, and ohanges back to the original colour when 
it becomes cold again Its speoifio density = 6 69 at moderate tem- 
peratures It cannot be melted and is not volatile. It is not soluble 
m acids, with the exception of concentrated hydroohlono acid It can 
be reduced by carbon, potassium cyanide, potassium, and Bodium 
At the temperature of the melting of silver, the dissociation pres- 
sure of the oxygen is so great that the trioxide is formed 

When the tetroxide is heated with antimony the trioxide is 
formed. The tetroxide is reduced by sulphur, with the formation 
of S0 2 . 

Under certain oircnmstances the tetroxide behaves as if it were a 
mixture of the trioxide and the pentoxide 

Some of the important chemical reactions are : — 

Sb 2 0 4 6S ~ Sb 2 3 3 + 2 SOq. 

Sb a 0 4 + 2Sb = 4Sb20 s (fusion) 

9Sb 2 0 4 + Sb^Sg — 10Sb 2 O a +■ 3S0 2< 

Sb 2 0 4 H 2 0, the hydrate, was first prepared by BerzeliuB 

Antimony Tetrasulphide, SbgS 4 — This was obtained by Berzelius 
by passing hydrogen sulphide gas into a solution of the tetroxide 
Rose was able to obtain it from the decomposition of an aqueous 
solution of the fusion-product of the tnsulphide and bisulphate of 
potassium by tartaric acid It is a reddish-yellow powder. 

Antimony Tetrahaloids. — The tetrachloride and the tetrabromide 
are not known in the free state, hut only m solution. 


0. The Compounds of Antimony of 5 Valences. 

Antimony Pentafluoride, SbF 6 . — Berzelius first indicated its exist- 
ence in the action between hydrofluoric acid and antimonio acid 
It was obtained by Mangnac, Moissan, 0 Ruff, and W. Plats Accord- 
ing to Ruff and Plats, the pure pentafiuonde can be obtained by 
allowing the pentachloride to be acted upon by hydrofluoric acid for 
three days at 25°-30° 

SbCl B + 6HF = SbF B + 6HC1. 

It is a heavy liquid, having a consistency like that of oil, and 
solidifying into a substance resembling paraffin. Specific density at 
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22 7° « 2 993 , mol vol = 72 ; boiling-pomt = 1 49°-150°. It is soluble 
m water, and in moist air it gives rise to SbF 5 2H 2 0. 

Some of the complex salts of meta-fluo-antimonio acid [H(SbF 6 )] 
are — 


Composition. 

Crystal Form 

Solnbility 

Remarks. 

KSbF a 

Thin rhombic 
plates. * 

Easily soluble 

Unchanged m air 

KSbFg KF 2H a O 
NaSbFo 

Monooknic 

>> it 

Melts at 90°. 

NH 4 SbF fl 

NH 4 SbF fl NH 4 F £H a O 

Small needles 


#| 

Rhombic prisms. 

ii ii 


OsSbgFg OH 

... 

n i> 

... 


Antimony Pentachloride, SbCl 6 — If powdered metallic antimony 
ib added to a chlorate, it bums, forming SbCl 6 It is colourless, 
and boils at 140° under the ordinary atmospheric pressure. Its 
specific density at 20° = 2 346 

We may mention the following derived compounds : — 

SbCl B SC1 4 . SbCl 0 SeCl* SbCla. PC1 B 

2SbCl H S01 4 . Sb01 B SeOCl B . Sb01 fl P001 8 . 

Sb01 B 0N01 2SbCl 5 .6NOOL 

With organic acids it forms the following compounds : — 

2SbGl B .30 a H B N0 a . SbCl B . CgHgOg. 

SbCl B (O a H 6 ) a O SbCl* O^oH^O*. 

A few of the chlor-antimonates are — 


KSbClfl H a O. 
NH 4 SCl a H a O. 
Ca(SbCl 6 ) 2 9H a O. 
MgSbCl 7 9H a O 


FeSbCl a . 8H a O 
Ag(SbCl 6 ).2NH 8 . 
Ni(Sb01 a )a 6NHs. 
Zn(Sb01 6 )2 4NH 8 . 


Antimony Pentabromide, SbBr 6 — This cannot be produced m a 
pure form. The followmg are some of its compounds : — 


KSbBr a H a O. 2CsSbBr e .CaBr fl 2^0 

N H 4 SbBr H a O. LiSbBr a 4H 9 0. 

Antimony Penta-iodide, Sb 2 I B — This is obtained by heating 
antimony at 130° with an excess of iodine It is dark brown, and 
melts at 78°~79° 

Antimony Pentoadde, Sb 2 0 6 —When metallic antimony is treated 
with nitric acid, the pentoxide is formed In a dry way it can be 
obtained thus — 
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(a) Pulverised antimony with oxide of mercury. 

( b ) Oxidisers, such as potassium permanganate, with the interim 
oxides or sulphides 

It oan also be obtained by treating the metal 01 the pentasulphide 
with hydrogen pei oxide or peroxide of sodium It is a yellowish 
powder, which changes to blaok when heated Its specific density = 
5 6. It does not melt and has no taste 

It dissociates into oxygen and the tetroxide at 300°. It is not 
soluble m water, but soluble in hydrochloric acid Sulphui reduces it 

Sba0 5 + US = 2 Sb 2 S 8 + 590 a = 231)^ + 6S0 ( Rammeteberg) 

Carbon i educes it partially Iodic acid decomposes it in part, 
liberating iodine (Bunsen). With a current of hydiogon sulphide 
it forms Sb 4 S 6 0 Sulphide of caibon leduoes it (Midler) We 
have also : — 

\ 

SbjOj + PC1 S = 2 SbC!. + T^O,, (llichaCha) 

6a J Cl a + 2Sl),0,= 4SbC] 3 + 5SO a +7S (Pnnz). 

The Hydrates or Acids derived from the Pentoxide — Berzelius was 
able to obtain SbO s H by treating the product of reaction between 
antimony and dilute nitric acid with water Fremy, by boiling 
antimonate of potash with nitric acid, obtained Sb 2 0 B H fl . Geuther 
obtained Sb0 4 H 8 from Sb^H^ and HSb0 8 from Sb0 4 H 8 heated 
to 175°. 

Senderens’ conclusion is as follows — The hydrates of the pent- 
oxide oan be obtained by precipitating the red liquid obtained from 
the action of nitric acid upon the trichlonde with water. 

(а) Sb 2 0 6 7&H 3 0, soluble m water 

(б) Sb 2 0 B .6H 2 0^ obtained fiom (a) by being dried in the open 
air. 

(c) Sb 2 0 6 3H 2 0 obtained from (b) by desiccation in the presence of 

sulphuric acid * 

(d) Sb 2 0 B H a O, obtained by heating (c) to 200° 

(e) Sb 2 0 B H 3 0, obtained from Sb 2 0 5 3H 2 0, heated to 300°. At 400°, 
Sb 2 0 5 H 2 0 loses its water component and becomes Sb 2 0 6 , which finally 
breaks down to Sb 2 0 4 at a still higher temperature 

Delacroix was able to obtain Sb 2 0 6 .4H 2 0. At any rate the most 
important of these are • — 

H a Sb0 4 “Ortho-antimomo acid 
H 4 Sb 07 = PyTo- „ „ 

HSb0 8 =Meta- ,, „ 
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Some of the impoitant salts of theae acids are — 


(SbOsK^HgO. 

ShfoK* 

SbgO^Kglla 0H3O 
Sb0 8 Na. 

SbgOfNa^ 


SbOgLi. 

8ba07(NH 4 )Ho 6H fl O. 
(NH 4 )SbO s 6H a O. 
(SbO a ) a Ba. 

(SbO a ) a Mg 


Besides these there are the antimonates of strontium, calcium, 
aluminium, manganese, iron, niokel, cobalt, and tm. 

Antimony Pentasulphide, Sb 2 S s — It is obtained by decomposing 
the sulpho-salts with acids It is called soufre dorS dantimoine m 
French, and Ooldschwefel in German. It is generally obtained m a 
pure condition from Sohlippe’s salt — 


2NagSbS 4 + 3H2S0 4 = SNogSO* + Sbg3 B + S HaS, 
or 2NaaSbS 4 + 0HC1 = 0NaOl + 3^8 + 

According to Bertsch and Harmseii we have : — 


5Na3SbS 4 + 3Sb01 B =4Sb2S E + ISNaOl. 

1 0NflgSbS4 + SOHOl + SSb 3 O fl = 8SbaS 5 + SONaOl + 1 5H a O. 

According to L. Prumer, the prooeBS is — Fuse the trisulphide and 
sulphur together The produot of fusion is boilod with a solution of 
monoaulphide of sodium After filtration, the liquid is concentrated 
for crystallisation. This salt is redissolved in a solution with excess 
of acid. The pentasulphide is then precipitated 

The pentasulphide is easily dissociated . it loses its sulphur 
component partially at 120°, and changes to the trisulphide if the 
temperature is raised higher Hydrogen reduces it (Uoffter). When 
heated m air, it oxidises with a flame It alters m humid air (Otto 
and John) Alkaline solutions change it to a mixture of sulph- 
antimonate and antimonate. 

The most important salts of sulph-autimomc acid (H 8 SbS 4 ) aie : — 

SbS 4 Ba;j 0H a O. SbS 4 Nay-|-9H a O. 

(SbS 4 > J Cd 8 (SbS 4 ) 2 Sr 3 . 

(SbSJjOag (SbSJaZn* 

SbS 4 K 3 + 4H a G 

With other elements we have — 

Sb a Se B , antimony pentaselemde 
Antimony arsenate 
, , phosphate 


3 
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CHAPTER III. 


THE MINERALOGY OP ANTIMONY. 

Native Antimony. 

Composition — Sb. 

Properties — Rhombohedral Usually massive, with a very distinct 
lamellar structure , sometimes granular Colour and streak tm-white 
Brittle H = 3-3 5. G =6 6-6 75 

Occwn'ence. — Antimony has been found native m ferruginous mineral 
water ( Will), m coal, and m the sands of rivers {Campbell) The 
impurities found associated with it are generally silver, iron, and 
arsenic. It occurs m vems of silver and other ores m Dauphmy, 
Bohemia, Sweden, the Harz, Mexico, and New Brunswick 

Allemontite. 

Composition — SbAs 8 . 

Properties — Rhombohedral. Remform masseB and amorphous , 
structure curved lamellar, sometimes granulai H. = 35 G =6 13- 
6 203. Lustre metallio, sometimes dull. Colour tm-white or reddish 
gray, sometimes tarnished to brownish black. It emits fumes of As 
and Sb before the blowpipe 

Occurrence — It occurs at Allemont, Pfibram in Bohemia, Sohlad- 
ming in Styria, and Andreasberg m the Harz. 

Ammi nlit.fi- 

Co-mposition — Rivot’s analysis of similar mineral from Chih gave 


Antimony 

86 5 

per oent. 

Mercuiy 

. 22 2 

f> 

Tellunde 

14 8 

ii 

Copper 

12-2 

n 

Quartz 

2 5 

1 1 


Properties . — Earthy powder Colour deep red 

Occurrence — Filling cavities m the quartzose or argillo-ferruginous 
gangue of mercurial tetrahednte 


85 
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Arequipite 

Composition . — Silico-antimonate of lead 

Properties — Compact, wax-like. Fracture conchoidal H. = nearly 
6. Colour honey yellow Fuses with difficulty before blowpipe on 
charcoal, resulting in antimonial vapours and buttons of lead 

Occurrence . — In quartzose gangue with argentiferous lead carbonate 
and ohrysooolla at the Victoria mine, Tibaya, Peru. 

Arsenstibnite. 

It is an arsenical hydrate of antimony, 

Atopite. 

Composition — Perhaps a calcium pyro-antimonate, Ca 2 Sb 2 0 7 or 
2CaO Sb 2 O c Iron, manganese, and the alkali metals are also 
present. 

Properties. — Isometric, m octahedrons. Under reducing flame 
on charcoal, Bublimes in part and leaves a dark infusible slag. 

Occurrence . — At Lflngban, in Wermland, Sweden. 

Barcenite. 

Composition . — Santos gave the following analysis : — 


Antimony 

. 50 ’ll per cent. 

Sulphur 

2 82 „ 

Mercury 

. 20 76 „ 

Calcium 

8-88 „ 

Oxygen 

17 61 „ 

Water 

4-78 „ 


Hence it is an antimonate of mercury. 

Properties — Massive, structure finely granular. Brittle. H. = 5*5. 

G. = 6*343. Lustre dull. Colour dark gray. Streak ash-gray with 
slight greenish tint 

Occurrence. — Huitzuoo, state of Guerrero, Mexico, 

Berthierite. 

Composition — Probably FeSb 2 S 4 or FeS Sb 3 S fl . 

Properties . — In elongated prisms, also fibrous, massive and granular. 

H. = 2-3 G. =4-4*3 Lustre metallic Colour dark steel-gray 
Before blowpipe on charcoal gives off sulphurous and antimonial 
fumes, leaving behind a black magnetic slag. 
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Occurrence . — Associated with quartz, oalcite, and pynte m 
Auvergne, in the Vosges, at Anglar and La Creuse. 

Bindheimite. 

Composition . — Hydrated antimonate of lead, Pb a Sb 2 0 8 + 4H s O or 
2PbO Sb 2 0 6 .3H 2 0 or PbO Sb 2 O 0 .H 2 O 
Properties. — Amorphous, remform or spheroidal. H =4. G. = 
4 '60-4 76 Lustre resinous, dull or earthy Colour white, gray, 

brownish, yellowish Streak white to grayish or yellowish 

Occurrence . — A product of the decomposition of other antimomal 
ores. At Nerchinsk, Siberia ; Horhausen , m Cornwall , m Sevier 
Co , Arkansas. 


Boulangerite 

Composition — Pb 8 Sb a S fl or 3PbS Sb 2 S 8 

Properties. — In plumose masses, showing on the fracture a crystal- 
line structure , also granular and compact H. = 2 5—3 G = 5 75-6 0. 
Lustre metallic Colour bluish lead-gray. Behaves before the blow- 
pipe like zmkemte. 

Occurrence — Abundant at Moli&res, France ; in Lapland , at Ner- 
chinsk ; Ober-Lahr in Sayn-Altenkirohen , Silbersand, near Mayence, 
in the Eif el, Wolfsberg m the Haiz, Phbram in Bohemia, and near 
Bottmo in Tusoany 

Boumonite. 

Composition.- ( Pb Cu 2 ) 8 Sb 2 S 6 or (Pb Cu 2 )S.Sb 2 S B = PbCuSbS 8 (if 
Pb : 0^ = 2 • 1). 

Properties — Orthorhombic Twins, often repeated, forming oruci- 
form and wheel-shaped crystals. Crystals short pnsmatio to tabular , 
often m paiallel juxtaposition; prismatic faces often vertically 
striated Also massive, granular, compact. Rather brittle. H.*= 
2 5—3. G =5 7-5 9. Lustre metallic Colour and streak steel-gray. 

Opaque 

Occurrence. — At Neudorf, Wolfsberg, Clausthal, and Andreasberg, 
in the Harz ; at Phbram m Bohemia , at Kapmk, Hungary ; at Servoz 
m Piedmont , and in Cornwall 

Breithauptite 

Composition.— , arsenic is sometimes present 

Properties. — Hexagonal, crystals thin, tabular. Arboresoent and 
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disseminated, massive. Brittle. H. = 5 5. G. = 7 541 Lustre metal- 
lic. Colour bright copper-red Streak reddish brown Opaque 
Occurrence, — In the Harz. 


Cervantite. 

Composition. — Sb 2 0 4 or Sb 2 0 3 Sb 2 0 6 . 

Properties — Orthorhombic. In aoicular orystals. Also massive 
H. = 4-5. G =4*084. Lustre greasy or pearly, bright or earthy. 
Colour yellow or nearly white. Streak yellowish white to white 
Before blowpipe, infusible and unaltered. 

Occurrence, — A product of alteration of other antimonial ores. At 
Cervantes in Galicia, Spam; Chazelles m Auvergne, Felsobdnya, 
Kremmtz in Hungary , Pereta m Tusoany , also in Cornwall, Borneo, 
Mexico, Quebec, and California 

Chalcostibite. 

Opposition. — OuSbS 2 or Cu a S.Sb 2 S 8 . 

Properties. — Orthorhombic H. = 3-4 G « 4 75-5*0 Lusti u 
metallic. Colour between lead-gray and iron-gra} 


Chanarcillite. 


Named from Chauarcillo. A silver- white ore for which Domeyko 

gives the formula Ag 2 (As, Sb) B , 

- 

Corongnite. 

Composition. — An antimonate of lead 

and silver An analysis 

gives : — 

SbjjOj, .... 

68*97 per oent 

PbO .... 

21 48 „ 

Ag a O 

7 82 „ 

FejjOs . 

0*62 „ 

HaO 

11 21 „ 


Properties — Amorphous H. = 2 5-3. G. = 5*05 Colour, exterior 
grayish yellow, interior blackish 

Occurrence. — At the mines of Mogollon, Huancavelioa, etc., Peru 


Dyscrasite, 

Composition. — A silver antunonide including Ag ft Sb and Ag 0 Sb 
Properties — Orthorhombic Twins producing stellate forms H 

= 3 5-4. G. = 9 44-9 85 Lustre metallic. Colour and streak silver- 
white. Opaque. 
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Ocewrrence . — In the Wenzelgang, Baden , at Wittichen in Suabia 
and at Andreasberg in the Harz, associated with ores of silver, 
native arsenio, galena, etc , at Allemont, France ; Casalla, Spam ; and 
m Bolivia, South America. 

Dlirfeldtite. 

Gornfpo&ition — Analysis gives — 

S . . 24*16 per oent. 


Sb 

80 52 

Pb 

. 26 81 

Ag 

7 84 

On , 

1 86 

Fe 

. 2 24 

Mr 

. 8 08 


Properties — In masses of fibrous structure, and also m fine needles 
H. = 2*5. G = 5 4. Colour light gray. Lustre metallic. 

Ocewrrence . — Anquimaroa, Peru, 

Famatinite. 

Composition — CugSbS 4 or Cu 2 S Sb 2 S 6 

Properties. — Orthorhombic Also massive Bather brittle. H. = 
3*5. G. = 4*57. Colour gray with a tmge of copper-red Streak 
black. Opaque. 

Occurrence. — With enargite, ohalcopynte, pyrite, etc., in the Sierra 
de Famatina, Argentine Republic , also at Cerro de Pasco, Peru, 

Freieslebenite. 

Composition . — (Pb, Ag 2 ) 6 Sb 4 S n or 5(Pb, Ag 2 )S 2Sb 2 S 8 or Pb fi Sb 4 S n 

Properties. — Monoclimo Habit prismatic , pnsmatio planes verti- 
cally striated Rather brittle H = 2-2 5 G. = 6 2-6 4 Lustre 
metallic Colour and streak light steel-gray. Fuses easily before 
blowpipe. 

Occurrence. — At Freiberg, Saxony; at Kapmk, Hungary , at 
Felsob&nya, Hungary ; and at Hiendelenoma, Spam 

Guejarite. 

Composition — CugSb^ or Cu 2 S 2Sb2S B 

Properties — Orthorhombic In prismatic crystals. Gives off 
antimony fumeB before blowpipe , yields metallic copper when treated 
with soda. 

Occurrence — At the copper mines at foot of Muley-Hacen, Andalusia 
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Jamesonite. 

Composition. — Pb 2 Sb 2 S 6 or 2PbS.Sb 2 S 8 . 

Properties — Orthorhombic Usually in acicular crystals; but 
oommon in capillary, cob web -like forms Brittle. H = 2-3. G = 
5 5-6 0. Lustre metallic. Colour steel-gray to dark lead-gray 
Opaque. 

Occurrence. — Principally in Cornwall, associated with quartz and 
crystals of boumomte; also in Siberia, in Hungary; at Valencia 
d’Alo&ntara m Spain; Sevier Co., Arkansas, at the Montezuma 
mine, Nevada. 

r * Kermesite. 

Composition . — Antimony oxysulphide, Sb 2 S 3 0 or 2Sb 2 S 3 Sb a 0 8 

Prop&'ties. — Usually in tufts of capillary crystals, prismatic, 
orthodiagonal. H. = 1-1 5. G =4*5-4 6. Lustre adamantine 
Colour cherry-red. Streak brownish red. Feebly translucent. 

Occurrence — Results from the alteration of stibnito At Malaozka, 

near PoBing, m Hungary , at Braunsdorf, near Freiberg. 

Kobellite. 

Composition — Pb 2 (Bi.Sb)S B or 2PbS.(Bi SbJgSg (if Bi • Sb = 2 1). 

Properties.— Massive, sometimes fibrous and radiated like stibmte ; 
also finely granular. Before the blowpipe, on charcoal, a yellow 
coating of Bi 2 O a near the assay, and, beyond, white Sb 2 O a . 

. Occurrence. — In the oobalt mine of Hvena m Sweden 

Livingstonite. 

Composition — HgSb 4 Sy or HgS 2Sb 2 S 8 . 

Properties. — In groups of slender prismatic crystals ; also columnar, 
massive, resembling stibmte. H. = 2*0. G. =* 4*81. Lustre metallic 
Colour bright lead-gray Streak red. 

Occurrence — Huitzuco, Mexico. 

Meneghinite. 

Composition. — Pb 4 Sb 2 S T or 4PbS.Sb 2 S 8 . 

Properties . — Orthorhombic; crystals slender prismatic, vertically 
striated Also massive. H. = 2*5. G. = 6 34-6 43. Lustre metallic, 
bright. Colour blackish lead-gray. Streak black and shining 

Occurrence . — At Bottino in Tuscany , Oohsenkoff, Saxony , and at 
Goldkronaoh r 
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Miaxgyrite. 

Composition . — AgSbS 2 or AggS.Sb^. 

Properties . — Monoolimo ; crystals normally thick tabular. Brittle. 
H. = 2*25 G. = 5*l-5*3. Lustre metalhc-adamantme Colour 
iron-black to steel-gray, but thin splinters are deep blood-red 

Occurrence . — Braunsdorf, Saxony; Pfibram in Bohemia, and 
Cfousthal. 

Monimolite. 

Composition . — An antimonate of lead, iron, and sometimes calcium , 
in part, RgSbgOg, with E = Pb,Fe = 3 1. 

Properties . — Usually octahedral, also cubic. Also massive and 
incrusting H. = 5*6. G = 6*58. Lustre greasy to submetalho. 
Colour yellowish or brownish green, dark brown to blaok. Streak 
straw-yellow, omnamon-brown. Transluoent to nearly opaque. 

Occurrence. — Harstig mine, Wermland, Sweden. 

Nadonte. 

Composition — PbClSb0 2 or PbSb 2 0 4 PbCl 2 . 

Properties. — Orthorhombic. H. = 3 5-4. G =7*02. Lustre 
resinous to adamantine Colour smoky brown to brownish yellow 
Streak yellow. 

Occurrence . — Constantine, Algiers. 

Plagionite. 

Composition — Perhaps 5PbS 4Sb 2 S 8 

Properties . — Monoclmio. Crystals thick tabular. H = 2 5. 

G =5*4. Lustre metallic. 

Occurrence — At Wolfsberg, Arnsberg 

Plumbostannite. 

Composition. — Sulphantimonate of lead, tm, and iron. 

Properties. — Amorphous, granular H. = 2. Feel greasy, like 
graphite. 

Occurrence. — Peru. 

Polybasite. 

Composition . — Ag^bSg or 9Ag 2 S.Sb 2 S 8 . 

Properties. — Orthorhombic. H = 2-3. G = 6 0-6 2. Lustre 

metallic. Colour iron-blaok Streak black , 

Occurrence — Mexico , Chili ; Phbram. 
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Pyrargyrite. 

Composition — Ag 8 SbS 3 or 3Ag 2 S Sb 2 S 8 . 

Properties — Rhombohedral. H. = 2 5. G« 5 77-5*86. Lustre 
metallic-adamantine. Colour black to grayish black , by transmitted 
light deep-red Streak purplish red. 

Occurrence . — At Andreasberg in the Harz , Freiberg, Saxony , 
Bohemia j and Kremnitz, Hungary 

Eivotite. 

Composition . — Sb 2 0 6 , Ag 2 0, CuO, CaO, C0 2 . 

Properties. — Amorphous, compact. H. = 3*5-4. G. = 3*55-3 62 
Colour yellowish green to grayish green Streak grayish green. 

Occurrence. — Sierra del Cadi. 

Romeite. 

Composition. — Antimomte of calcium, perhaps CaSb 3 0 4 . 

Properties — Tetragonal H = above 5 5. G, = 4*713. Colour 

honey-yellow. 

Occurrence. — Piedmont. 

Sarawakite. 

Composition. — May be antimony chloride 

Properties. — Mmute crystals, probably tetragonal Soft Lustre 
adamantine Colourless or greenish yellow. Transparent. 

Occurrence . — Found in native antimony m Borneo. 

Schneebergite 

Composition. — Calcium and antimony with a little iron and traces 
of copper, bismuth, zinc, magnesia, and sulphuric acid 

Properties — Isometric. H =6*5 G. = 4 1 Lustre vitreous to 
adamantine. Colour honey-yellow 

Occurrence. — At Schneeberg 

Senarmontite 

Composition. — Sb 2 0 8 . 0 = 16 7 , Sb = 83*3. 

Properties . — Isometric, m octahedrons. Also granular ; in crusts 
H. = 2-2 5. G. = 5 22-5 30 Lustre resinous, inclining to sub 
adamantine Transparent to translucent Colourless or grayish 
Streak white, 
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Occurrence — A result of the decomposition of stibmte and other 
ores of antimony. Algeria , Malaozka, Hungary ; Quebeo. 

Stephanite. 

Composition — Ag 2 SbS 4 or 5Ag 2 S Sb^g * L 

Properties. — Orthorhombic ; crystals usually short prismatic 
Massive. H. = 2-2*5. G. = 6*2-6 3 Lustre metallic Colour and 
streak iron-black. 

Occurrence. — Freiberg, Bohemia, Hungary, Harz. 

Stibmte. 

Composition. — Sb 2 S a ; S = 28*6, Sb=71*4. Sometimes auriferous, 
also argentiferous. 

Properties . — Orthorhombic ; crystals prisma tio, often acutely ter- 
minated , vertical planes stnated or deeply furrowed longitudinally , 
crystals often curved, bent in knee-shaped forms or twisted. Com- 
monly occurs in confused aggregates of acicular crystals, also m 
radiating groups , massive, coarse or fine, columnar. H = 2. G. = 
4*52-4 , 62. Lustre metallic, highly splendent. Colour and streak 
lead-gray. 

Occurrence. — See ohapters on Geology. 

Tanzite 

Composition . — Arsenio-antimonate of bismuth, analogous to bind- 
heimite 

Properties — Amorphous, earthy. Colour yellow. 

Tetrahedrite. 

Composition . — Cu 6 Sb 2 S 7 or 4Cu 2 S Sb 2 S 8 

Properties . — Isometric. H = 3-4*5 G. = 4 4-5 1 Lustre metallic 
Colour steel-gray to dark gray 

Occurrence. — Cornish mines , Harz 

TJllma unite 

Composition. — Sulphantimomde of nickel, NiSbS or NiS 2 .NiSb 2 

Properties — Isometuc. H = 5-5 5 G =6 2-6 7. Lustre metallic. 
Colour steel-gray Streak grayish black. 

Occurrence. — Duchy of Nassau, etc 
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Valentini±e 

Composition.— Sb 2 0 8 ; 0=16*7, Sb = 83*3. 

Properties . — Orthorhombic , crystals often aggregated in fan-shaped 
or stellar groups ; also massive H. = 2*5-3. G. <= 5*566. Lustre ada- 
mantine Colour snow-white, occasionally peach-blossom red and ash- 
gray to brownish. Streak white Translucent to subtransparent. 

Occurrence . — Results from decomposition of antimony ores. Vide 
chapter on Geology. 

Zinkenite. 

Composition . — PbSbgS* or PbS Sb 2 S 8 . 

Properties. — Orthorhombio. H. = 3-3*5, G. — 5 3-5 36. Lustre 
metallic. Colour and streak steel-gray. 

Other less important antimony minerals are ■ — 

Brongniaidrte, Pb^ or PbS. AgjjS.SbaSg. 

Diaphonte, {PbjAg^Sb^Su oi 6(Pb,Ag 2 )S. 231^3. 

Epiboulangente, PbgSbgSg or 3 PbS SbgSg. 

Geokromte, PbaSbgSg or 5PbS.8b a Sg. 

Hematostibmte, 8 MnO.Sb 2 0 B , 

Horsfordite, CiigSb. 

Kilbnokemte, Pb fl 9b a S fl or 6PbS.SbtfS s . 

Manganostibnite, lOMnO.SbgOfl 
Ochroite, Pb 4 Sb 2 0 7j 2 PbCl 3 . 

Parfczite, hydrated oxide of Sb, mixed with various metallio oxides 
Polyargynte, AguPh£ 1D or 12AgaS ShjSg. 

Pyrostilpuite, Ag 3 SbS 8 or 3Ag a S SbgSg 
Semseyite, Pb^Sb^ or 7 PbS 3Sb a S s 
Steinmanmte, antunonml galena. 

Stetefeldtifce, oontains SbgOg, S, Ag, Cu, FeO, OuO, H a 0. 

Stromeyerite, (Ag,Oua)S or AgjjS Chi^S 
Stylotypite, 8(0u 2 .Ag 23 Fe)S SbaSg 
Tennautite, (DugAs^ or 40uaS As^ 

Volgente, hydrous antimomo acid 
Warremte, PbaSb 4 8 9 or 3PbS.2SbjjS s 
Wolfachite, Ni(As,Sb)S. 
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CHAPTER IV 

THE GEOLOGICAL OCCURRENCE OP ANTIMONY ORES. 

The principal ores of antimony that have any oommeroial value are — 

1 Antimony glance , Sb 2 S 8 , also known by the names “gray 
antimony ore,” “ stibmte,” or c< antimomte 99 It contains 714 per 
cent of antimony and 28*6 per cent of sulphur. 

2 Native antimony . It occurs too rarely to be of any commercial 
importance. 

3 Valentinite, Sb 2 O fl ; the rhombic form of the oxide of antimony, 
which is also known as “white antimony” or “antimony bloom” 

<^It contains 83 4 per cent of antimony, and 16 6 of oxygen 

4. Sena/rmontite , $b 2 0 B , the cubio form of the oxide of antimony 

6. Kermedte , 2Sb 2 S a Sb 2 O a , also known as “ antimony oxysul- 
phide,” “red antimony ore,” “antimony blende,” or “pyrostilbite.” 

6. Gervantite , Sb 2 0 4 ; also known as “antimony ochie ” 

When antimony ores, specially antimomte, undergo decomposi- 
tion, the resulting alteration-produots generally are valentinite, 
senarmontite, kermesite, and cervantite. According to Foullon, 
there is a case at Rozsdan in Macedonia where the southern part of 
the vein carnes antimony ore, while its northern part carries aun- 
pigment and some realgar The antimomte has been oxidised to 
antimony ochre, valentinite, and red antimony ore, all accompanied 
by gypsum and sulphur 

The principal types of antimony deposits are • — * 

1. Veins -The ore is generally found disseminated irregularly 
in veins of quartz , sometimes, though rarely, it occurs m lenticular 
masses. The other gangue materials, besides quartz, are brown spar, 
calo-Bpar, and heavy spar. The products of decomposition of stibmte 
are stiblite, antimony-ochre, valentinite, and senarmontite; more 
rarely, also pyrostibnite, pynte, bournomte, berthiente, galena, zinc- 

* “ Stibmte was one of the minerals formerly cited as having been originated in 
veins by volatilisation from lowei sources. Bnt it has probably, m all cases, been 
derived fiom solutions of alkaline sulphides' 5 {Kemp) 
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blende, stemmannite, zinkemte, and cinuabai-oohre, rarely native 
gold Antimony salts of other metallic sulphides may also be found 
Antimony sulphide occurs in laminar oryBtals or in granular foims, 
often massive, generally intermingled with quartz, thus forming a 
compact mass occupying the whole vein Stibmte-quartz ore might 
be considered as an extieme development of silvei or lead ore 

In 1861 S4narmont, in order to explain the formation of stibmte m 
veins, made an experiment to obtain it by heating m a closed vase a 
mixture of antimony and sulphur m the presence of pure water up 
to 300°, or in the presence of bicarbonate of soda at 250°. The con- 
tact rooks are occasionally similar to those of veins containing lead 
ore, rocks having white mica and green minerals Hereafter this 
type is denoted by A. 

(a) Sub- Type Anttmonial Gold-Quartz Veins The stibmte is 
itself gold-bearing, and accompanies other free gold-bearing gangues 
Hereafter this sub-type is denoted by B 

1 2. Beds of epi-mmerals, i e impregnated non-calcareous rocks In 

this case the antimony ore is nnpiegnated m the rocks Hereaftei 
this is denoted by C 

3 Epigenetic Stocks The type ib a metasomatic antimomal * 
deposit. Hereafter this type is denoted by D. 

4. Bedded Deposits of antimony ore The deposits are of sediment- 
ary origin. Some of the so-called bedded deposits may be due to the 
impregnation of the country, i e. of the neighbouring rocks Here- 
after this is denoted by E 

In the following we shall take up the antimomal deposits of eacli 
country in turn 

Germany 

Ores of antimony sometimes occur m the Devonian rocks of 
Rhenish Prussia between Wintrop and Mentrop, four miles from 
Amsberg, where are found bands of bituminous limestone from 
6 inches to 18 inches in thickness, interstratified between clay 
slates and siliceous shales, Stibmte penetrates all these strata, 
which are oveilam by Millstone Gnt It is also noticed that the 
stibmte accumulates more plentifully towards the middle part of 
the various beds, but gradually thins out near the bedding planes of 
deposition Sometimes fragments of the “ country ” are included in 
the more massive portions. (D ) 

At the Hoffnung mine, near Bruck, on the Ahr, the Devonian 
graywacke slates have a N -S strike, with a dip of 45° towards tlio 
west, cut through by N.-E veins, dipping from 40° to 60° S. The 
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stibnite, sometimes associated with iron pyrites and brown spar, is 
found in true veins, or between the planes of stratification, or m 
oleavage fissures. This is a good example of the lateral immigration 
of antimony ore from fissures into and along beds of shaly rooks (C.)* 
At Bohmsdorf and Wolfsgalgen, near Schleiz, stibnite is found in 
quartz veins traversing pales ozoio sohists The subsidiary minerals 
are zinc-blende, plumose Btibnite, pyrophyllite, and iron spar. (A ) 
At Mobendorf, antimony ore occurs m veins, outtmg the gneiss 
formation, with fillings of stibnite and some berthiente, boumonite, 
striated kaolin, stemmannite, zincite, kermesite, stibioonite, pynte, 
quartz, and brown spar. At Braunsdorf, a few kilometres off, the 
same ore is found intimately associated with rich silver ores. In the 
vicinity of Freiberg, the quartz-stibmte vein is simply the continua- 
tion of a true quartz formation For this reason Freiesleben called 
it the “ Mobendoif Formation” (A) 


Summary. 


Mobendorf 

Haymclien (N ledersteigis) 

Ennersdorf 

Seiferdovf 

Boohlitz 

Sohoneck 

Brandholz 

'Wolfsberg 

Goesdorf 

Arnflberg 


Crystalline SohiBt 


Silurian 

Lower Devonian. 
Culm. 


Hungary 

At Magurka, according to von Cotta, the granite is traversed by 
many quartz veins, vaiying from a few centimetres to 4 m. in thickness 
They carry stibnite and free gold, enclosing sometimes some of the 
country The accessory minerals found in these veins are galena, 
zinc-blende, pynte, copper pynte, brown spar, and calc-spar. 
Ordinarily the quartz occurs along the walls of the veins, while 
the stibnite occupies the central part (B ) 

At Pncov, near Selcan, stibnite ib found, according to A. Hoffmann, 
m veins of homstone, generally accompanied by kersantite dykes, 
outtmg through the granite At a depth of 18 m. (59 ft) the 
stibnite is decomposed to stibicomte. (A.) 

Some of the veins carrying autimony ores m the Rechnitz 

* By Borne authors this ib classified under E 
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Mountains have been followed for a distance of 3 km. (2 miles), 
outtmg crystalline schists. According to A. Sohmidt, the veins are 
especially noh when the oountry is a chloritic or graphitlo sohist 
The principal vein-fillings are quartz, calo-spar, stibmte, stibicomte, 
and pyrite. The country, that is, the graphitic sohists, is some- 
times so impregnated with stibmte, that it may be profitably 
worked for a distance of 3 to 4 metres away from the walls of the 
veins. (A and C.) 

Between Arany Idka and Bosenau, in Upper Hungary, stibmte veins 
are found, containing quartz and carbonates, together with small 
amounts of jamesomte, berthiente, blende, and auriferous pyrite. (A ) 

At Felsob&nya, along the boundary of an amphibole trachyte and 
of a recent one, there is found a conglomerate which contains quartz 
with pynte, often realgar and stibnite, with galena, blende, etc. This 
is classified by De Launay under Tertiary antimony, that is, its origin 
is sedimentary. (E ) 

Antimony ores are also found at Eremnitz, Toplitzka, Sohemmtz, 
Felsobdnya, JSfagyb&nya, Dobschau, Gisno, Gross-Gollmtz. 


Bohemia. 

A typical example of antimonial gold-quartz veins, as described 
by Posepny, is foimd at Kr&sn&hora (or Schonberg) and Milesov (or 
Mdleschau) in Central Bohemia. Most of the veins are accompanied 
by dykes — mostly lamprophyre dykes, but some are of porphyry 
— outtmg through an intrusive stock of granite intercalated between 
sohists. The stibmte often constitutes the larger part of the filling, 
with a gold oontent of 100-133 g ($66-$87 88) per ton (B ) 

Antimony ore is also found at Hata, Brodkowio, Pfibram, and 
Miohaelsberg. 

Shrvia * 

The Antimony Deposits of Kostaimh . — The main mass of the rocks 
m this locality consists of light-gray to ash-gray limestones, probably 
of Tnassio age, upon which gray and blackish soft clay slates, and m 
part also clastic graywacke slates, rest. These limestones and slates 
are cut through at many localities bybiotite trachytes, and less often 
by hornblende andesites of trachytic habit. These eruptive rocks 
appear as dykes, sheets, and stocks within the strata, and also 

* Prom “Lehre von den Erzlagerstatten,” von Beik Berlin, Gehiudor Bom- 
traeger, 1903 , translated by Weed, “The Natuie of Ore Deposits,” N. Y, Eng 
and Mm. Journ , 1905. 


4 



50 


THE METALLURGY OF ANTIMONY. 


perhaps from effusive lava flows. The origin of the antimony deposits 
is traceable to the igneous rooks 

The ores appear m three different forms . — 

(1) Tufts and stringers of stibmte, quartz, and calcite in decomposed 
trachyte, as found in the mines of Kik and Stolitza. (C.) 

(2) Antimony veins m the slates At Bovin6 there ooours a com- 
pound vem, dippmg at 30° Transverse stringers containing stibmte 
are enclosed between two parallel bounding fissures, of which the 
foot-wall is always the richest, while the hanging wall is mostly 
barren. (A.) 

(3) Interbedded ore masses. The deposits of this kind consist 
mainly of a dark, very finely crystalline ground-mass of quartz, 
intimately mtei grown with tufts of stibnite They lie between an 





Fig. 1,— Bed-like deport of antimony ore near Kostaimk. 

A, Clay slate 0, Clay. 

B, Quartz layer with antimony D, Limestone 

ore. E, Traohyte 

overlying slate and an underlying limestone, and are always aocom 
ponied by a traohyte intrusion near by, which sends out narrov 
apophyseB, forming sometimes the walls of the deposits, or cutting 
through them in a parallel direction or at an acute angle. This i 
shown in fig L (D.) The stibnite has mostly been superficially 
altered into antimony-ochre, stiblite, or valentinite, and m many case 
it has been entirely leached out, leaving a skeleton of gray quart 
behind. At times the quartzose ore has been crushed and recemente< 
together by quartz or oalc-spar 

At other places — as, for instance, m the Zavone III mine (fig. 2)- 
the ore-beanng quartz mass outs into the underlying limestones wit] 
very irregular borders, thus suggesting the idea that considerabl 
portions of calcium carbonate have been leached out and replaced b 
the quartzose ore. (D ) 


the geological occurrence or* antimony ores. 61 


All the phenomena observed indicate the plausibility of the theory 
that the ores were deposited from solutions due to uprising waters 
dissolving out the antimony content from the eruptive rocks, and 
that these solutions deposited their burdens not only m olefts and 
fissures, but also penetrated laterally into the joints between the 


-5 
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Fig 2. — dross-section of a bedded antimony deposit m limestone at 
the Zavone III mine. 

A, Olay slate. 0, Quartz layer with antimony. 

B, Antimony ore.^ D, Limestone. 

strata whenever there occurred an impervious stratum checkmg the 
downward flow of the solutions, and that also ' sometimes having 
become stagnant, they dissolved the underlying limestone and 
replaced it by the mineral burdens they carried. 

Antimony ore is also found at Losnica. 

France. 

The greater part of the antimony deposits of France is found m 
the Central Plateau.* They generally occur in the form of vems, 
most of which have more or less been exploited. At the Nades 
mine, m BourbonnaiB, the gangue is mainly quartz. At Bresnay, 
canton Savigny, the deposit is formed of two veins, contained in the 
granite. Here the minerals are accompanied by a sort of white 
micaceous granulite, analogous to that found at Magurka in Hungary, 
and consist of quartz and stibnite, the latter being thinly covered 
over with the oxide (A ) 

At Yillerange, in La Creuse, the antimony vems present an inter- 
esting phase, m that they out the graywacke of the Culm formation, 
and m consequence their age can be very easily determined. South 
of Samt-Gireix (Haute-Vienne) the micaceous or amphibolic schists 

# The largest antimony mine is La Lucette, in Mayenne, discovered by Herren- 
sohmidfc. The antimony contains gold. 
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are out by numerous veins of granulite, along the axis of which one 
often findB veins of quartz charged with antimony sulphide. (A ) 

At Bresnay, east of Allier, and at Montignat, west of Montlugon, 
there is observedj m addition to metamorphism, a common origin for 
the stibnite and the rock containing white mica, as if the antimony 
had been leached out of the rock by underground water. (C ) 

The most important of the deposits m the Central Plateau are 
those which have been worked at Freycenet, Licoulne, etc., in 
Puy-de-D6me, Cantal, and Haute-Loire These deposits are enveloped 
in the fundamental or primitive formations of gneiss, mica-schist, 
and granite. The veins, bemg generally vertical, contain lenses of 
stibnite, separated at intervals by quartzose gangues. Sometimes 
the stibnite is intimately mixed with the quartzose gangue, and 
nearly always it is accompanied by iron sulphide (A.) 

Mention may be made of the antimony deposit at Ardkche, which 
has been spoken of as sedimentary in origin (E). But it may be 
an impregnation or a metasomatio alteration of the Tnaesic dolomite 
in which the deposit is found (C or D). 

In Corsica the veins occur in sencite schist, the gangue minerals 
being quartz, oaloite, blende, and, rarely, pynte, omnabar, and 
boumonite 

Besides the above-described localities, the following may be men- 
tioned Auvergne, Gard, Aude, Vend4e, Lyonnais, Bouc, Sept&mes 
near Marseilles. 


Italy. 

The principal deposits are found m the province of Tuscany and 
in the island of Sardinia. The Pereta mine in Tuscany is opened in 
a mass of ohalcedonio quartz, in which stibnite is sparsely and 
irregularly disseminated, thus rendering its winning difficult and 
costly, especially since the quartz is very hard. According to 
Coquand and Tobo, the maBS of crushed white quartz exists in the 
form of a great ellipsoid, of which neither the hanging wall nor the 
foot wall can be exactly determined, intercalating Eocene calcareous 
shales in the north and cutting Miocene limestones m the south. 
Hydrogen sulphide (putizze) has been detected to the north of the 
outcrop. The stibnite is found m the form of stringers and pockets 
enclosed in the sulphur-bearing quartz, which is sometimes encruBted 
with stibnite, enolosmg in turn small crystals and aggregates of 
sulphur. Undoubtedly the enclosing rooks have been subjected to 
metamorphism and have been impregnated with sulphurous emana- 
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tions, which have transformed the alberese (a variety of Eocene cal- 
careous rook found in Tuscany) in part to gypsum and anhydrite. 
It is not quite oertam whether the antimony deposit has any genetio 
relation with the sulphurous vapour. (Probably C ) 

At San Martino, TuBoany, cinnabar is found accompanying the 
stibnite 

At Monte Auto there is a peculiar ooourrence of antimony ore, 
which is found in great blocks distributed in a blaok clay containing 
no other kind of rock except occasionally masses of dolomite, impreg- 
nated with stibnite (D.) 

At Siena, the Cettine di Cotomiano mine is opened m a vein of 
blackish quartz-like rook, in which, near the surfaoe, oxide of antimony 
is found, ohangmg, however, to the sulphide at some depth (A ) 

At Rosia, the stibnite is aooompamed partly by caloite and partly 
by quartz. 

At Su Suergm, in Sardinia, the deposits occur at the contact of 
the Rheetio limestone with Permian slate. Antimony glance, accom- 
panied by pyrites, is also found in the mica schist. Traverso gave the 
opinion that these deposits are of sedimentary origin rather than of 
vem formation (E.) 

England. 

Antimony ore is found very sparingly m Cornwall. 

Spain. 

Yemlets of quartz, carrying stibnite, occur generally in a belt of 
metamorphio sohists and shales, their strikes bemg between W. 10° S. 
E 10° N. and S W -N E, The shale, for a breadth of about three feet, 
seems to be mineralised by veinlets of quartz with stibnite, by 
pockets and impregnations of that mineral, whose walls are generally 
not well defined. (A and C.) 

Near Viuvela, m Malaga, native antimony is found to be impreg 
nated m the clayey shales, the size of the impregnated masses vary 
ing from that of an egg down to minute spangles. 

Other localities that may be mentioned are Estremadura and 
Badajoz, Caurel, Brollou, Orense 

Portugal. 

In the district of Evora, antimony ore occurs m quartz lodes at the 
contact of Palaeozoic beds and granite (A.) 
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The principal antimony veins, in the neighbourhoods of Valongo, 
Paredes, and Gondomar, m the district of Oporto, may be roughly 
divided into two systems, according to the directions of their Btrikes 
The one system has a strike, N. 10° to 20° W., comoidmg with that of 
the country, and hence the deposits may be desonbed as bed-like lodes ; 
and the system has a course N. 30° to 60° E Both of these occur m 
Silurian rocks Near the town of Alcontim, m the district of Faro, 
there ooour two distinct lodes : one running E.-W. and the other N.W , 
the latter of which has the Bame strike as the country These occur 
m the slates of the Culm formation. Besides these localities may be 
mentioned Braganm. 

Algiers. 

The antimony deposits of Sidi-Bgheis are situated in the south- 
western part of the province of Constantine, and have been mined at 
Sempsa and Djebel-Hamimat They ocour in the days and limestones 
of the Lower Neooomian. The ore, according to Coquand, ib in part 
a compact antimony oxide, and m part a granular crystalline variety 
containing senarmontite. At times the oxide deposits may be 
superimposed by bundles of stibmte needles. The deposits possess 
little gangue and are generally m the form of very irregular masses, 
parallel to the plane of stratification. According to Beck, they are 
impregnations (C), while de Launay classifies them under sedimentary 
deposits, and Coquand considers them to be contemporaneous with the 
enclosing rooks. (E ) 

At Djebel-Taia, stibmte is associated with cinnabar. 

Turkey. 

At Allchar, in Macedonia, the antimony deposit is found associated 
with a great quantity of realgar, together with orpiment The 
sulphur is undoubtedly derived from the decomposition of stibmte, 
and is the pnnoipal agent in changing many of the oxides into 
sulphides ; while, together with oxygen, it transforms the neighbouring 
chalk mto gypsum. This deposit is a good example of paragenesis. 

Other antimony ore localities are AdrianopoliB, Monastir, Rozdan, 
Mytilene, Chios, Aidin, Eudemisch 


Sweden. 

At Sala, in Westmannland, a small quantity of native antimony 
is found associated with the argentiferous lead ora It occurs in the 
primitive formations 
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Russia. 

Small quantities of antimony ore have been found. 


North America.* 

Kern County, California. — Veins containing stibmte occur ; the 
gangue is usually quartz. (A ) 

Humboldt County, Nevada — Antimony deposits have been worked 
for many years m veins with quartz gangue. The most important 
of the American mines are the Beulah and the Genesee, at Big Creek, 
near Austin. Pure stibnite, attaining to a width of three feet, has 
been found in some of the richest veins. (A.) 

Sevier County, Arkansas. — The veins, with quartz gangue, appear 
to be generally mterbedded in Trenton Shales and to he along 
anticlinal axes (A.) 

Iron County, Utah. — Disseminations of stibnite are found in 
sandstone and conglomerate, following the planes of stratification. 
They are generally masses of radiating needles, occurring in sand- 
stone and between the boulders of conglomerate. Blake thinks that 
the ore has been crystallised out from descending solutions. Above 
the sandstone eruptive rooks are found. (C ) 

In Sonora, senarmontite ore has been worked, but it was soon 
exhausted 

York County, New Brunswick, Canada — Veins of quartz or of 
quartz and calcite carrying stibmte occur over several square miles 
The wall rooks are clay slates and sandstones of Cambro-Silunan age. 

Besides those described above, the following localities may be 
mentioned : Calif omia (H&vilah, Bousby, Erskine Creek, Grace 
Darlmg, Padre, San Emidio, Crowell) , Utah (Garfield County) , 
Idaho (Kingston) , South Dakota , Mexico ; Canada (Rawdon, Nova 
Scotia) 

South America. 

Antimony ore has been found m the following places : — Nicaragua, 
Chili, Peru (district Yauli and Huancavelica),t Bolivia (at S. Pablo, 
near Lipez, and in the vicinity of TaBna), Argentine Confederation 
(at Chanllos, m dept S Antonio de los Cobres, in prov. Salta). 

* Taken from The Ore Deposits of the United States amd Canada , by Professor 
Kemp, 1000, 

t Stibnite is here found associated with quicksilver deposits— a case of para- 
genesis. 
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China.* 

From private information received by the author, the dre seems 
to occur m veins of quartz The low-grade ore carries more or less 
gold and silver. (A and B ) The principal localities are Nanning, 
Ssuoheng, Taiping, and Hsilm districts, m Hunan provinoe. 


Japan 

According to K. Yamada, stibnite veins are found in the island of 
Shikoku. They are, as a rule, thin, and occur in schists and other 
palaeozoic rocks. The gangue is generally composed of quartz, and 
sometimes of quartz and pyrite. (A.) 

At Itshmokawa, the veins ocour in Bericite schist, having as gangue 
materials quartz and a little calc-spar, banded with druses which 
contain very large beautiful crystals (A.) At the Nakase mine, 
the stibnite is gold-bearing (B.) 

At Kano, m the southernmost part of the Hondo peninsula, 
the veins are 2 to 9 feet in width, and continue for a distanoe of 
6000 feet, cutting through the crystalline schist mountains (A ) 

At Totsugawa, south of Kioto, the vem cuts through a quartzitio 
and graphitic Bchist. (A.) 

The remaining localities are Nara, Ehrme, Yamaguchi. 

Borneo 

In the northern part of Borneo (Sarawak) the antimony ore, some- 
times accompanied by pure arsenic and arsenic sulphide, occurs m 
quartz veins, cutting through the limestone and the slate formations. 

Cochin-China. 

Stibnite has been found between Quan-Yuen and Moucai in Tonkin. 
It has also been found in rounded stones or boulders of varying size, 
which have a peculiarly smooth yellowish-brown surface, accumulated 
in the beds of torrentB. 


Asia Minor. 

Stibmte, with quartz as gangue, is found in the vicinity of 
Smyrna. 

*The author will soon make a geological excursion m the province of Hunan. 
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India. 

Antimony ore has been found in the following localities: — 
Tenassenm, Shigri, Jhelum district. 

Australia. 

Nm South Wales . — At a mine near Armidale, the vein varies in 
width from 10 inches to 15 inohes. The ore has also been found at 
Hargrave’s Falls and in the vioinity of Aberfoil. In the Macleay 
distriot the veins have been suooessfully worked. In the Bathurst 
district the ore occurs in blbcks without any well-defined lode. On 
the Munga Greek, the ore is found to be enclosed m a quartzose 
matrix. (A.) East of Broken Hill, in the Barrier Range, the ore is 
argentiferous. A vem occurring in the orystalhne schists of this 
region carries, wherever it outs amphibolitic intrusions, rich silver- 
antimony ores, dysorasite (AgwSbm), stromeyente (CuAgS), and 
antimomous silver chloride, the gangue being oaloite and iron- 
spar. (B ) 

Victoria . — At Costerfield, antimomal reef ib found. At Whroo, 
concietions of antimony ore are found in many veins. In this 
remarkable instamoe the sulphide is enclosed in successive ooncentric 
layers of oxide, with here and there scattered grains of gold Stibmte 
is also found at Munster Gully, Dunolly, and at Donovan’s Creek ; 
the lode of the latter locality consists of nearly pure stibmte, attaining 
to a width varying from 1 foot 6 inohes to 2 feet. At S unbury, there 
occurs a vein having an irregular course approaching to the strike 
of the Silurian strata. This vein, 3 mches to 8 mcheB in thickness, 
carries about 2 oz of gold per ton (B.) Auriferous antimomal veins 
are said to ooour 17 miles from Melbourne. 

Australasia . — Antimony oreB are also found in Queensland, New 
Zealand, and New Caledonia. 


South Africa. 

Antimony ore is said to have been found in the Murchison Range 
m the Transvaal. 



58 


THE METALLURGY OF ANTIMONY. 


BIBLIOGRAPHY ON THE GEOLOGICAL OCCURRENCE 
OP ANTIMONY ORES 

GERMANY 

1. Arndt, A W , Ueber den Bergbau auf Spiesaglanz am Silberberge bei 

Amsberg, Elberfeld, 1834. 

2. Berggeist t Nr. 16, 1874. 

8. Berg u . Mttervm. Ztg., p. 29, 1878. 

4. Buff, ‘ ‘ Geognostisohe Bemerkungen Tiber das Vorkommen der Spiessglanz- 
erze auf der Grube Caspan bei Wintrop und auf der Grube Unver- 
hofft Gluck bei Nuttlar un ehemaligen Herzogtbum ’Westfalen,” 
Karatm's Arch, f. Bergb u Hilttenw , xvi , 1827, pp. 64-60, and 
Karstm's Arch f. Mm. t etc , vl, 1838, p. 439. 

6 CJotta, B y , Die Lehre von den Erzlagerstatten, n. p. 164. 

6 Erbreicli, “ Geogn. Beschr. der Spiessglanz-Lagerstatte .... bei dem 
Dorfe Bruok, etc.,” Karstm's Archivf. Bergb . , 1827, xvi. pp. 44-68. 

7. Zevt prale Qeol , p. 214, 1894. 

8. Freiesleben, J. 0., Magazin filr OryJctographie von Sachsen, i., Appendix, 

p 77 } ii., Appendix, p 179. 

9 Gtlmbel, Oeognostische Beschreibung dea FicMelgebirge, pp. 886-898, 1879. 

10 Karateka Arch /. Bergb , xvi p 54, 1827. 

11 "Uber den Bergbau auf Spiesaglanz am Silberberge unweit Amsberg lm 

Herzogtlrum Westfalen und Tiber die Beieitung des Spiessglanz-kormgs 
un GTOBsen,” Karsteris Arch . /. Berg . u . Stitt., vm. pp. 272-802, 
1824. 

12, Liebe und Zimmermann, Erl z. geol. Speciatk, von Preussen, Blatt. Ghretz , 
pp. 98-100, Blatt Wattersdorf pp. 08-66, 1893 
18. Lttdeoke, Minerals des Hai'zes, 1882. 

14. Mtiller, H., “ Erzlagerstatten bie Freiberg,” Cotta’s Qangstudim , l. p. 104, 
1850 

16. Sandberger, “Erzlagerstatten von Goldkronach,” Sitz. her bayi math, 

phys. Klaaae, mv , 1894, pp 281-248 , N. Jahrb ., 1897, l p 483. 

16 Schmidt, A., Mmeralien des Fichtelgebirges , 1903 

17. Simmersbach, “ Das Antimonerze-yorkommen auf Oaspanzeche bei Arnsber^ 

in Westphalen,” Leob Jahrb , xix., 1870, pp 844-363 

18. SimmeTSbaoh, Beachreibung der Bergreviere Amsberg, Bnlonund Olpe, sowi, 

der FilrstentHmer Waldech und Pyrmont 1890, pp 158-169, 

10 Ferhandl d natural Ber. d JRheinl , 1866, xn p. 117 

20 Wamsdorff, “ Der Bergbau lm Silberberg bei Bemadorf,” Berg u. hUtt Ztg 

xvn., 1858, p. 304, 

AUBTRIA-HUNGARY 

21 Balling, “ Zur Antimongewmnung rnBinya,” Ch&m Ztg , lxxvni p 1198 

1886 

22. Berg . u hUtt Ztg , “Uebei Bohmen,”p. 137, 1881. 

23 Berg, u hiltt Ztq , p 123, 1861, p 424, 1886 

24 Bordeaux, “ Les venues trachytiques et lcs gites m6tallifferes de la Bosme, 

Rev g&n4r d mines, xxx , 1895, pp 264-279, 



THE GEOLOGICAL OCCURRENCE OF ANTIMONY ORES. 


59 


26 Ootta, B. v., “DaB Antimonerz von Magurka in Ungaro,” Berg u, hUU. 
Ztg., xx., 1861, pp 123-124 , GangsLudien, iv , 1862, pp. 46-48 

26. Faller, G , “ Reiaenotazen nber einige wichtigere Metallbergbaue Oboi- 

ungaina,” Jahrb. k . k . Bergak , xviu , 1868, pp 171-193. 

27. Faller, G., 11 R l elfl<^notlzen J ,, Jahrb, d. k. k. Montanlehranst , 1867, p. 182. 

28. Fellenberg, v,, “ Magurka ira Ungaro,” Gangstudien, iv., 1862, pp 127- 

128. 

29. Ztschr. f. prak Geol ., “ Antimomtgange von PhSov in Bdhmen,” 1901, 

pp 94-97. 

80 Zeit. prak. Geol , “ Antunonerz bei Pnnnau, Bobmen,” 1908, p. 47 

81. Friese, v., “ Das Goldvorkommen bei Nakohoute,” Oesterr Ztschr f. Berg. 

n. mu. Fer. Hitt., 1890, p 106. 

82. Fonllon, v., “ Antimomt, Zmnober, aus dem Antimonwerk ‘Bergwerk* 

(BAnya) bei Sohlaining (SzAlonak),’* Ferh k. k geol. Bewhsamst., 1862, 
pp 174-6 

88. Grimm, “ Die AntimonlageratAtten bei Milesohau und Sohonberg (KrAsnd 
bora) in Bohmen,” Oesterr. Ztschr f. Berg. u. Eiltt , vin., 1860, pp. 8-6. 
84. Groddeok, 1884, pp. 70, 241. 

86. Helmhacker, “*Der Antimonbeigbau MileSov bei KiAanAhora m Bobmen,” 
Leob. Jahrb., rrii , 1874, pp 840-878 , B. u. H. Jahrb d'Austnche, xxn 
p 640. 

86 Hofmann, A., “ Antimonitgange von Pftfcov in B6hmen,” Fort. prak. 

Geol., 1901, pp 94-97. 

87 Irmler, “tJber das Goldvorkommen von BraEnA un mittleren Bbbmen,” 

Verh. k k. geol Beichsamt ., 1899, pp 86-87. 

88 Katzer, F., “ Zur geologiscben Kenntniss dee Antmonitvorkommena von 

Kfitz, bei Rakowitz,” Ferhand. der k. k geol Beichaanstalt, 1904, pp 
268-268 , Abe , Inst, of Mvnmg Eng , vol. xxvn , 1903-1904, p. 610 , 
MetalVwrgie, 1 . p. 610, 1904. 

39 Kerpley’s Ungar berg. u. hiltten Ztg ., 1879, Nr 19-24. 

40 Meier, Jah/rb. d. k. k geol. Beichsamtalt , p 257, 1868. 

41 Oesterr . Ztsch f. Berg. u. HUttenw ., 1881, Nr 46 

42 Oesterr. Jahrb., xvii. p. 171 ; xxn., 1874, p 841. 

48. Poaepny, F., “Goldvorkommen Bobmen,” Archiv f prak Geol , p. 165, 
1896 

44 Remenyik, Les mines de mStaux de Eongme, pp 78-79, 1900 
46 Sohmidt, A, “Ueber einige Mmerale der Umgebung von Schlaming,” 
Groth’s Z f Kryst. u Min., 1898, vol xxix , part 8, p. 194 , Zeitschr. 
f. prak Geol , 1898, Heft 12, pp 433-434. 

46. Sohmidt, A., ‘ 1 Dae An timonerzvorkommen des Scbiefergebirgea in Ungam,” 

Zeit f prak. Geol , 1898, p 483. 

47. Sobnabelegger, “Die Antunonerzlagerstatte zu Bergwerk m Ungaro,” 

Ztschr d Berg, u Eltttenm., Ver m K&rsten, in , 1871, pp 155-169. 

48. Schwarz, J , “Das punnauer Antimonbergwerk bei Miobaelsberg in 

Bohmen,” Oesterr Ztschr f Berg u. Hillt , xxix , 1881, pp. 595-598, 
608-610. 

49 Vaoek, “ Uber die kryBtallimsohen InBeln am OBterrele del alpinen Cen- 
tralzone,” Verh. k. k geol. Bmchsanst , 1892, pp 367-377 
60 Walter, Beitrag zur Kenntniss der Erzlagerstatten Bosmens, 1877, pp 162- 
182 



60 


THE METALLURGY OF ANTIMONY, 


SERVrA. 

51. Beok, E , and Fnoks, W. von, “Die Antunonl ageratatten von Kostamik 
in Serbien,” Zeit.f. prdk Geol , 1900, pp. 88-36. 


FRANCE. 

52 Beaumont, M. de, Explu. de la carte gfologique , p. 173, 1841. 

58 Bdohenel, Rapports de Service , 1891. 

54. Berg u htttt. Zeit., 1882, p. 860. 

56. Boulanger, Description de VAlher , p 855, 1844. 

66. Burthe, P., “ Notice sur la none d’antimome de Freycenet,” Ann d. Min 
[9], t. iv., 1893, pp. 15-38 , Abs , Inst of Mm, Eng , vol. vi., 1893-1894, 
p. 579. 

57. Oamot, “Gite de Chanoo,” Ann. d Min, (7 e s4ne), xiii., 1878, p. 394. 

58. Orois4, “Neues Antimonvorkommen in Frankreioh,” Berg u hilU Ztg., 

p 860, 1882. 

69. Ootta, 1801, p. 417. 

60. Delamotte, MSmovre sur Malbosc, Manus . d I'dcole des Mines , Paris, 

1830. 

61. Dufrenoy, Mm&raZogie , li. p. 884, 1860. 

62. L'Echo des Mines et de la M6taZlurgie , p. 769, 1905. 

63. GrtLner, “ Classification des filonB du plateau central et description des 

anoiennes mines de plomb du Forez,” Soc. d* Agriculture de Lyon, Nov 
23, 1855 

64. Hollande, D., “ Sur leg gttes mitallif&rea de la Corse,” Bull de la Soc. gdol 

de France, Pans, 1875-76, t. iv. pp. 30-84. 

65. Hynert, Gk, Vne ancienne mine d'antimovne , pp. 1-22, 1906. 

66. Karsten , Arch., “ Description de Malbosc,” xvm. p. 168, 1829. 

67 Lacroix, Mm&ralogiejde la France et de ses colonies , il, 1896, pp. 449-469. 
68. Lasalle, Th , “ L’antimome dans PaiTondissement de Moulins,” Revue 
snentifique du Bourbonnais et du centre dc la France , Moulins, 1896, 
9° ann6e, pp. 18-20 

69 Launay, L. de, Motes de voyages midxtes, 1883-1892. 

70. Launay, L de, “ Gompte rendu de l’exoursion faite pendant le Oongr&s k 

quclques gitoB mindraux et roitalhf&res du Plateau Central : Mine 
d’antamoine de Montignat, pr&s Mareillat, Allier,” Gompte rendu du 
VUIe Congrts g4ol intern de Bans, 1900, 2® faBO., pp 963-5. 

71. Meni&re, O , “Du sulfure d’antimome et des oxideB d’antimoine observes 

dans le oaloaire devonian des fonrneaux k ohaux pr&s Angers, Maine et 
Loire,” Mdm Soc. Acad., iv., 1858, pp. 108-113. 

72. Michel, M., “ Sur lea mines de la Luoette (Mayenne),” Bull, de la SomdtS 

from, de Mm&ralogie , 1904, vol. xxvu. pp 76-80, Abs., Inst of 
Mining Eng , xxvn p. 628, 1903-1904. 

78. Neutien, M., “ fitude but les gites de la Corse,” Annales des mines , 1897 [6], 
t xn. pp. 281-296 ; Abs , Inst, of Mm. Eng., 1898, vol. xv p 643 , 
Zett f. prdk . Geol ., p 56, 1898. 

74. Vauquelin, “Notice sur une mine d’antimome da distnot de Montlu^on 
dans laquelle il n’y a m arsenic m fer,” Ann . de Chim et de Phys , [7], 
lxxxm. p 32, 1817. 



TflE GEOLOGICAL OCOUEHENCE OF AMTIMONY OSES. 6l 


ITALY. 

76. Aohiardi, G. d’, Mmeralogie della Toscana , 1872. 

76. Aohiardi, G. d’, Imetalli , n. pp 684-686, 1888 

7 7 Aohiardi, G. d’ , “ Cenm sm minerali della mimera di antimonio delle Oettme 
di Cotonuano,” Proc. verb Soc Tosc d . Scienze , Adun , 7. vil, 1601 

78. Baldaooi, * * Desorizioue geologica dell* Iaola di Sicilia,” Mem* deser. d Conta 

geol. d t Italia, l. pp. 188-4, 1886. 

79. Baldraooo, 0 , CostUusnone metalhfera della Sardegna , Torino, tipografia 

Marzorati, 1864. 

80. Berg . u Mil. Zeit , 1886, p. 818. 

81. Oatalago della mostra falta dal Corpo Beale delle Mimere all * esposizione 

umversale del 1900 a Pangi 

82 CJoquand, EL, 11 Solfatares alumi&res, etc., de la Toscano, ” Bull. Soc . g6ol. 
de France , n , 1829 

88. Decastro, 0., Descrisnone geologico-minemna del Sarrabus, Roma, tipo- 

grafia Nazionale, 1890. 

84. Denti, “Hfilono di berthiente nella Yal Cresta in Gomune di Yiconaga 
Provincia,” Ghom. di mm crist epetrogr , u , 1891, pp. 211-214 , Abs , 
E. Jahrb ., 1894, u. pp 18-19 

86 Hanpt, “ Das Yorkommen von Antunon und Schwefel m Toscana,” Berg. 

u him Zeit , 1886, pp 313, 388 

86. Hoepli, Le Mmiere e le Gave, Belazione ai Overall alV Esposisnone industrials 
d\ Milano, 1881 

87 Jervis, Tcson sotterranei dell* Italia , Torino, Ermanno Loescher, 1881. 

88 Lotti, B , “ Die Zinnober und Antunon fdhrenden Lagerstatten ToBcanaa 

und line Beziehungen zu den quartaren Eruptivgestemen,” Zeit f prole. 
Geol., 1901, p 41 ; Abe , Inst, of Mm. Eng , vol. in p 484. 

89. Lovisato, Domenico, * ‘ Devoniano nel Gerrei, ” Bendiconto alia B Accadevnia 

dei Lmcei (eBtratto vol ui faso 3°), 1894 

90. Novarese, v., “II giaoimento antimonifero di Campiglia Soana nel 

Oircondano d’lvrea,” Bolletmo del Beale Gomilalo geologwo d Italia, 
1902, vol. xiini pp 819-382. Abs., Inst, of Mm. Eng., vol. mv., 
1908-1903, p 716 

91. Oesterr. Ztschr f Berg u . EUtt., xlv., 1897, p. 489. 

92. Pantanelli, 11 Nuova mimera d’antunomo nella prov. di Siena,” Soc. Tosc 

Not., t. n. p 4. 

98. Rimbotti, V. E , I filoni di Stibma a ganghe di fiuonna e ealevte di San 
Martino, Firenze, tipografia G Pellos, 1884. 

94 Tosco, P., Bevista del Serv. Mm., 1899, p. 144. 


PORTUGAL. 

95 Aokermann, E., “ Ueber die techmsohe und okonomische Ausbeutung von 

Antunon- und Wolframerz m Portugal,” Chcm Zeit , July 11, 1906. 

96 Albuquerque, d’Orey d’, “ Die Bergwerks-Industne in Portugal,” Berg. u. 

hUtt Ztg , xl , 1881, p 270. 

97. Breidenbaoh, “Die Antimonlagerstatten Portugals,” Glilckauf, nix, 
1893, pp 1096-1096, 1141-1142. 

98 Inst of Min. Eng , vol. xvhl, 1896-1896, p. 126. 

99 Oesterr. Ztschr /. Berg. u. Him., mm, 1890, p. 401 



62 


the metallurgy of antimony. 


ALGIERS 

100 Ooquand, “Description des mines d’antimome oxyde exploit4ea dans les 

environs de Sidi-Rgheis, ” Bull, de Soc g6ol da Frmce, 1852, p. 842. 

101 Ville, “Gites mm6raux de l*Alg6ne, ” Annalea d. Mines, 6° S4ne, t xvi 

p. 161, 1869. 


TURKEY 

102. Eng. and Mm. J., " Antimony Mining m Turkey,” Oot 12, 1907. 

108. Foullon, v,, ** Ober Antimomt und Sohwefel von All char bei Rozdan in 
Makedomen,” Verh. k Jc. geol . Reichsanst ., 1890, pp 318-22 

104. Hofmann, “ Antimon und Arsen Erzbergbau Allohar in Makedomen,” 

Oesterr. Ztschr. f. Berg, u . Him., xxxix , 1891, pp 167-178 , Z. 0 
Bergwesen, jlxxlx. p. 167, 1891. 

105. Launay, “La g6ologie des lies de M4tehn (LesboB), Lemnos et Thasos,” 

Ann . d . Min., [9 0 ], xin,, 1898, p. 196 


NORTH AMERICA 

106. Bailey, L. W., “Discovery of Stibmte in New Brunswick,” Report on 

the Qeol . of New Brunswick, 1865 , Am. Journ. Sci. [n ], xxxv 
p. 150 

107. Berg u halt. Zt , u Antunonvorkommen in den Yereungten Staaten,” 

1881, p. 815 ; 1883, pp. 281, 493 , 1884, pp 164 and 814. 

108. Blake, W. P., “Korn Co., California, U S.A.,” Roc . R.R Expl. and 

Survey , vol v. p 291 

109 Blake, W. P., Report upon the Antimony Deposits of Southern Utah, New 
Haven, 1881. 

110. Comstock, T B., Annual Report of the State Geologist of Arkansas, 1888, 

vol, i. pp. 186 and 216 

111. Oox, E. T., “Discovery of Oxide of Antimony in Sonora,” Am, Journ. 

of Scu [in.], vol. xx. pp. 421 and 451 

112. Donglas, J., “Antimony Deposit of Sonora,” Eng. and Mm Journ , 

May 21, 1881, p 350 , id , 1892, p. 6. 

113. Dunmngton, f P,“ Minerals of a Deposit of Antimony Ores m Sevier 

Co., Arkansas,” Proc of Am. Assoc, for Ad of Sci., 1877. 

114. Halse, Ed , “ Note on the Antimony Deposit of El Altar, Sonora, Mex.,” 

Inst, of Mm Eng., vol. vi., 1808-94, pp 290-294. 

115. Hanks, H. G., Report of the Calif 'orma State Mineralogist, 1884 and 1890 

(William Irelan, Jr). 

116. Hobs, F. L , “Arkansas Antimony Deposits,” U.S Gcol Surv Bull. No. 

340 D, 1908, 12 pp 

117. Huntley, D B., “On Utah,” Tenth Census, vol xm. p. 463 

118. Inst of Mm Eng , “About Mexico,” vol. xiv , 1902-03, p 68. 

119. Inst of Mm Eng , “ Stibmte near Sault Ste Mane in Uhlontic Schist, 

Canada,” vol. x , 1895-96, p. 292. 

120. Kemp, J. F., “Antimon m den Vereimgten Staaten von Nordamenka, 1 ’ 

Zeil f prak Geol , 1896, p. 232 

121. Kemp, J F., Eng. and Mm Journal , Ini , 1802, pp 6-7 



THE GEOLOGICAL OCCURRENCE OF ANTIMONY ORES. 63 


122. Kemp, J. F., The Ore Deposits of the U 8. and Ocmtda, The Scientific 
Publishing Oo., N Y., 1900 

128. Kuna, “Native Antimony and its Association at Pnnce William, York 
Oo., New Brunswick,” Am. Joum . of Sci., xxx., 1885, p 276 , Aba , 
N Jahrb., 1888, l. p 42. 

124. Upham, 0., “Ores of Antimony,” Am. Joum . Sci , xxxvu., 1864, pp 
405-407. 

126 Waite, 0 E., “Antimony Deposits of Arkansas,” Trams of Am hist, of 
Mm Eng , vil p. 42 

128. Williams, 0. P., “Antimony Ore in Arkansas,” Trans of Am Inst, of 
Min. Eng , in , 1876, p. 160. 

127. Le mineral de bismuth et Vcmtimome awe Etats-TJnis, B Oommere, 1908, 

p 348. 

128. Report of Progress of (he Qeol. Survey of Canada, 1880-2, p 866. 

129 Bulletvn of the V.S. Qeol. Siirvey (Mviwral Resources), 1884-1901. 

180. Parker, E. W , 17th-Slst Annual Report of the U.S. Qeol Survey, 
Washington, 1895-1900. 


JAPAN. 

181. Dana, “TJeber den Antimonglanz von Japan,” Zeit. f Erist . , ix., 1884, 

pp. 27-87 

182. Jordan, P , “ Note sur l’industne minerals au Japon,” Ann. des Mmes 

[s4r 9], t. xiv. pp. 680-561 , Abs.,Inst. of Mm.'Eng , vol. xvi., 1898-99, 

p. 680. 

183 Les Mines du Japon, Pari o Exposition, 1900, p 10. 

184. Wada, “ t)ber japamsche Mineralien,” Sitz Per. d. Qesell naimf 

Freunds , Berlin, 1884, p. 79 ; Abs., Z&dsch.f Enst., xl, 1886, p. 441. 

185. “Les mines du Japon,” Zeit.f. angew. Ohemie , 1901, p 1122. 

186. “ Antunongruben in Japan,” Zed /. praJc. Qeol , 1902, p. 89. 

BORNEO 

187. GrBger, “ Das Antimonwerk in Sarawak auf Borneo,” Ver d. 7c. 7c. geol. 

Reichs. Wien, iv , 1876, p. 87 , d’Achwrdi , n. p. 688. 

188. Dinglex’s Polytech. Joum , , clxxm p. 162. 

AUSTRALIA 

189. Oox, S H , “Report on Antimony Mine, Endeavour, Queen Charlotte 

Sound, N Z.,” Qeol. Survey of N.Z. during 1874-76, Wellington, 1876— 
1877 

140 Liversidge, “The Minerals of N S Wales,” Trans . and Proc R. Soc. M.S 
Wales , ix. p. 181 

141. Porter, “ Notes on some Minerals and Mineral Localities m the Northern 

Districts of N S WaleB,” Joum. and Proc R Soc ofN.S. Wales, 1888, 
part l, pp. 78-89 , Abs , N. Jahrb , 1890, n. pp 206-7 

142. Smith, GK, “ Silver Antimony Ore m N.S. Wales,” Trans. Am. Inst 

Mm Eng , vol. xxvi., 1897, p 69 

148. “ Belt of Antimony Ore, Association with AunferouB Quartz- veins, from 



64 


THE METALLURGY OF ANTIMONY. 


Redcastle to Morang District, near Melbourne,” Inst of Mm. Eng , vol. 
xx , 1900-01, p. 400. 

144 Inst. qfMm. Eng,, vol. iv , 1892-93, pp 00-02 

146 * { Antimony Mining,” Queensland Government Min, Jowm ., Oot. 16, 
1906. 


MISCELLANEOUS LOCALITIES 

146. Bernard, A., “ Antrmonerze m Neu-Oaledomen,” Zeit f. prak Qeol ., 

1897, p. 269. 

147. Glass er, <f Les nebesses nundrales de la Nouvelle Oal6dome,” Ann. d. 

Mines 10], t. v., 1904, pp 630-37. 

148 Lacroix, “ Nouvelle Calddome,” MwArcdogie de France , 1897, u. p. 
448 

149. Henneoke, Ludwig, “Die Bodensohatze Persiena,” Zext. f. das Berg. Hutt 
Salien im preuss Staate, 1889, vol. xIvil pp. 272-274. 

160. “Antimony Sulphide nch m Gold m Tasmania,” Inst, of Mm. Eng , vol 

mil., 1899-1900, p. 80 

161. “Antimony Sulphide with Gold in South Africa,” Inst, of Mm. Eng , vol 

xvn., 1899-1900. 

162 De Launay, Les nchesses mmdrales de VAJmque, Paris, 1903, p 835 
168. Merensky, “Die goldfuhrenden Eizvorkommen der Murchison Range im 
norddBtlichen Transvaal,” Zeit.f prak. Qeol , 1906, pp 268-261. 

164. Weiss, K. E, “ Kurz Mittheilungen uber Lagers tatten im westhohen 
Anatolien,” Zeit.f. prak Qeol., 1901, vol. ix. pp. 249-202. 

166. Fermor, L L., “ Antimony in Shan States,” Fee Qeol Surv India , 
xxriiL p. 233. 

166. Onper, “Note on some Antimony Deposits in the Maulmain Distnct,” 

Records of die Qeol Surv of India, voL xvin p. 161, 1886. 

167. Foniakoff, A, “Nutzbare Lagerstatten SibirienB,” Zest. f. prak. Qeol., 

1899, p. 54. 

168. Preumont, G., “Antimony Mining in Peru and Bolivia,” Mining Journal, 

March 7, 1008, 


GENERAL 

169. Aohiardi, Antonio d’, I metalli loco miner ah e miniere. 

160 Beck, Lehre von den Erzlagerstattm , Berlin, Gebruder Borntraegei, 1908. 
101 Branner, D., Syllabus of Economic Geology, Stanford University 
162 Burat, A., Qites metalhftores, Pans, Ed. Langlois et Lederque, 1846. 

163. Burat, A,, QSologie appliqvAe , 1870. 

104. Oharpentier, H., Qiologie et mm&raZogie apphquies, Pans, Dunod, 1900. 

186, Ootta, B v., Die Lehre von den Erzlagerst&Um, Freiberg, 1866, 

100, Daubr^e, “Sur la presence de l’antunoine et de Parsemo dans les 
combustibles nun&raux, dans diverses roobes et dans l’eau de- mer,” 
B. S Q. [2®], t vm p. 360. 

187. Fuchs et De Launay, TraitA des gites mwAraux et metalliftres, tomes l 

et ll , Baudry, Pans. 

108. Kemp, J. F , The Ore Deposits of the U S. and Canada , The Scientific 
Publishing Co., N.Y., 1900 

169. Louis, A Treatise on Ore Deposits, London, Macmillan & Co , 1890 



THE GEOLOGICAL OCCtlKKENOE OF ANTIMONY ORES 65 

170 Maolvor, “Vorkummen des Antimon,” Cliem News, lvii pp 1088 ond 
1888. 

171. Moreau, G., Jttudo industnelle des gUea mtialhferes, Pans, Baudry, 1894, 

172. Page, 3)., Economic Geology, London, William Blackwood & Sons, 1874. 

173. Park, J , A Text-book of Mining Geology , London, Charles Griffin & Co , 

1906. 

174. Selwyn, A BO., Descriptive Catalogue qf a Colled, ion of the Economic 

Minerals of Canada , London, Alabaster, Passmore & Sons, 1886. 

176. Simmersbach, Oestcrr Jahrb f B&rg u SUM , xix , 1878, p 344. 

176. Stelzner, Die ErzlagerstOtten von Stelzne 1 )' bearbei tel von A Ben geai , Leipzig, 

Arthur Felix, 1904-1906. 

177. Tarr, B. S. p Economic Geology qfthe U.S. , N Y , Macmillan & Co., 1894 
178 Traverso, G. B., D’Antimonio, Alba, Tipografia e Librena Sdnsaldi, 1897 

179. Weed, 41 The Nature of Ore Deposits, by Beck,” N. 7 Eng. and Mm. 

Jowm , 1906 

180. A Handbook qfthe Musewn qf Tract. Geology , Loudon, 1896. 


5 



METALLURGY OF ANTIMONY 


66 


THB METALLURGY OR ANTIMONY. 



nerrcuflchruidt 



GENERAL SCHEME OF THE METALLURGY OF ANTIMONY 
I. Extraction by dry methods. 

A. Preparation of produots for the production of metallic 
antimony 

1. Liquation of crude antimony. 

(a) Intermittent working 

a. In pots m open fire. 
ft. In pots m furnace 

ft 1 Receiver placed outside the furnace 
ft 2 Receiver placed below the pot m 
the furnace. 

(b) Continuous working 

a In tubes 

ft. In reverberatory furnaces. 

2. Pieparation of the stable tetroxide 

(a) Special furnace for ore dust 

(b) Muffle furnaces. 

(c) Rabble furnaces. 

(d) Long-bedded hand-furnaces (Fwtschaufel 

mtgsof&n ). 

3. Preparation of the volatile tnoxide 

(а) Bobierre, Ruolz, Rousseau’s process. 

(б) M. de Francesohi’s process. 

(c) Glass’ process 

(d) Herrensohmidt and Borth wick’s process. 

(e) Oehme’s process. 

{f) Herrensohmidt’s process. 

(g) Hermg’s „ 

(i h ) Helmhacker’s „ 

(i) Chatillon’s „ 

(j) Woolford’s „ 

(1) Plews’ „ 


0 ? 
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(l) Heirenschnndt’s process 

(m) Rasse-Conrbet’s „ 

(?i) Mirnere e Fondene d’antnnomo Soci&ta 
Anomma’s process. 

(o) Chatillon’s „ 

(/>) Herrenschmidt’s prooesB 

B Methods for the pioduction of metallic antimony 

1 Reduction of the oxide (either teti oxide or trioxide). 

(a) In leverberatory furnaces 
(&) In water-jacket or blast furnaces. 

(c) In crumbles 

2 Extraction of metallic antimony fiom antimonium 

crudum 

(a) The so-called English precipitation method of 
reduction. 

3. Direct processes, i e extraction of metallic antimony 

direot from the ore 

(а) Bath furnaces. 

(б) Water-jacket furnaces or blast furnaceB 
(c) Converters (Manesse or Bessemer, ) 

4. Other processes. 

II. Extraction by wet methods 

III. Extraction by electrolytic methods. 

IV. Refining of antimony 

1 In pots 

2 In reverberatory furnaces. 



CHAPTEE V* 


THE METALLURGY OP ANTIMONY. 

The principal ore for the extraction of antimony is sulphide of 
antimony or stibmte, commonly known as antimony-glance The 
other ores — cervantite or antimony-ochre, kermesite, valentinite, 
senarmontite, which occur only m small quantities in nature — 
together with the fumes and Blags from the previous smelting of 
antimony, are generally mixed up with antimony-glance preparatory 
to smelting. Dry methods are generally adopted for the extrao- 
* tion of the metal, br of the metal in different combinations, while 
the proposals for the use of wet piocesses or of eleotro-metallurgical 
methods have not yet found practical application The more or 
less pure sulphide of antimony is called “crude antimony,” and the 
refined metal itself is called “antimony regulus.” 


I. Extraction by Dry Methods. 

A. Preparation of Products for the Extraction of Metallic 
Antimony. 

1. Liquation of Crude Antimony —Ores containing more than 90 
per cent, of the sulphide do not require any further treatment, and 
are considered to be crude antimony. Ores containing less than 90 
per cent, and more than 40 or 50 per cent are subjected to the 
liquation process for the production of crude antimony. The best 
size of the pieoes of ore for this treatment is walnut size. Smaller- 
sized ore or ores of pooler quality are generally worked up for the 
production of the metal 

The maintenance of the proper temperature in the liquation process 
is very important, in order to obtam the be6t result. If the tempera- 
ture is above a red heat the sulphide is volatilised, and if the tem- 

* In the compilation of this chapter, use has been made of the information 
contained m the standard metallurgical works of Phillips and Bauerman, of Bruno 
Kerl, and of Carl Schnabel m draw mg up the descriptions of the older methods. 
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perature is too low the residue will contain too large a proportion 
of antimony, part of which at least should go to the liquated 
produot as crude antimony. It has already been mentioned that 
the best size of the pieces of ore is that of walnuts , for, if the 
size is m any way smaller, the liquation process is less complete, and 
hence the residues are too rich in the sulphide ; furthermore, fine ores 
he so close together as to render the escape of the fused sulphide 
difficult. 


(a) Intermittent Working . 


As a rule, closed furnaces ubo more fuel and cost more for labour 
than open ones (reverberatory), whioh, on the other hand, lose more 
antimony through volatilisation and oxidation than closed ones. 
This loss can, however, be eliminated by the use of the condensation 
apparatus of Herrensohmidt, to be mentioned later. 

The smelting is done in pots, which are either heated directly by 
the burning fuel or by the ffiame coming from a fireplace. In the 
liquation in pots, the working is carried on intermittently, while 
continuous working is permitted in that of tubes or reverberatory 
furnaces, thus economising the consumption of fuel. 

a Intermittent Liquation in Pots in Open Fire — Pots, being in 
direct oontaot with the fuel, are used at Wolfsberg in the Harz, at 
Magurka, Rosenau, and Gross-Gollnitz in Hungary, at Millesohau m 



Fig 3. 


Bohemia, and at MalboBC 
in France The only merit 
of this method is its sim- 
plicity, and for this reason 
it can be carried on with- 
out much difficulty at the 
mines If the ores are 
nch and fuel (wood or 
coal) is cheap at the mine, 
this method can be used 
with advantage 

The pots aie made of 


fire-clay, and are able to 
hold from 11 to 36 lbs There are m the bottom of eaoh pot foui or 
five holes, each varying from 0 4 to 0*6 inch m diameter, through which 
the molten sulphide esoapes. Below these pots lest receivers, made 
of burnt clay, for the collection of the liquefied crude antimony. 
These receivers are embedded in sand, ashes, or breeze, thus ensuring 
the slow cooling of their contents The pots are ai ranged in several 
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rows at regular distances apart, each having from twenty to thirty pots 
The rows of pots are separated from one another by walls of dry 
masonry, and fuel (coal or wood) is used to fill the spaces between 
the pots, and between the pots and the walls The time required 
for one shift of the pots vanes according to the amount of the charge, 




a, 0 6 m. high, 0 29 m. broad above, 0*26 m wide at belly, 0*21 m. 

0 24 m. below, with five holes, each above and below. 

13 mm wide c, Fiieplace 

b f Belly-shaped vessel, 0*24 m. high, d , Leading to flue, e 

generally from two to twelve hours At the conclusion of each shift 
the pots are lifted off from the receivers, emptied of their residues, 
again charged, and finally placed in position The receivers may be 
emptied after each charge or when they are full The residues con- 
tain, generally, not less than 12 per cent of the sulphide 

Fig 3 shows the arrangement of this method as used at Wolfsberg 
in the Harz a is the pot , 5, the receiver , s, the non-conducting 
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material ; m, the masonry wall, provided with draught-holes. The pot 
is 12 inches in height, 8 inches m diameter, and holds 22 lbs. 

At Malboso (Ardfeclie^m France, the oharge is 33 lbs. per pot. 
The receiver is emptied every forty hours, after four charges. During 
this period, twenty pots produce 1050 lbs. of the sulphide, with con- 
sumption of 3330 lbs. of coal and 448 lbs of brushwood. 

J5 Intermittent Liquation vn Pota m Furnace — Pots m a furnace give 
greater economy of fuel and render the working of poorer oreB easier. 
The pots are placed on eaoh side of the fire-grate m the furnace, or are 
arranged in a circle around it. The reoeiverB are either placed directly 
below the bed of the furnace — in this case they are surrounded by 
sand to prevent their coming into contaot with the flame — or they 



e, Heating ohamber Z>, Receiving vessels. 

d, The grate a, Pots 

/, Clay pipeB. c, Openings in the roof. 


are placed entirely outside and are connected by day pipes to the 
bottom of the pots The latter arrangement is more satisfactory, as 
it does not necessitate the interruption of the working of the furnace 
when the receivers have to be emptied A £ood example of the 
former can be seen from the works at La Linooule in Fiance This is 
shown in fig 4. 

It can also be seen at Millesohau in Bohemia and at Banya m 
Hungary. 

Each vessel carries 20 kgs. 1500 kgs of 50 per cent sulphide ore 
requires the consumption of 0 46 to 0 49 ob m, of wood. 
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A good example showing the receiving vessels placed outside can 
be seen from fig. 5, as used m Hungary. 

An intermediate form is shown in fig 6. 

(b) Continuous Woi hmg. 

a . In Tubes . — Liquation in tube furnaces gives better results than 
those obtained with pot furnaces, the consumption of fuel being less and 
the production higher. Fig 7 shows the construction of the furnaces 
used at Malboso,* while fig 8 shows another type of tube fumaoes 

The tubes are arranged in groups' of four, placed over four leceivers, 
b } winch are earned on carnages, c, with wheels There are three 



grates, d , from which the flame, after playing around the tubes, a, 
escapes into the chimney e is a hole m the side of the tube, by means 
of which the residue is drawn out, the size being 2 7 ins wide and 4 7 
ms high. The hole is closed with a clay plug or with a luted plate. 
The size of the tubes is 3 ft. 3 ms. high, 10 ms in diameter at the upper 
end, and 7f ins. m diameter at the bottom, their walls being 0*6 to 0 8 
inch thick. 

It must be noted that a newly built furnace must be heated to a 
bright red heat for forty-eight hours befoie a charge can be started 
The regulation of the temperatuie is an important factor, and is ad- 
justed according to the colour of the product, which should be of a 
bluish tint, while a red colour is an indication that the heat has been 
too great 

* This has been replaced by the apparatus patented by Herrensobmidt. 
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The charge for each tube is 5 cwts. of ore , three hours are required 
for complete liquation ; the yield is only 50 per cent of the sulphide 




. Fig 8. 


content, 64 cwts of coal are used for the production of 100 cwts. 
of the sulphide ; the tubes last twenty days each 

The cost of producing 100 kilos of Bulphide m tube furnaces is : — 

Labour . . . 1 63 fr ( = 7 4d. pei cwt ) 

Fuel . . , . 1*28 fr ( = fid. „ ) 
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The cost of producing the same m pot furnaces is . — 

Labour . . 2 21 fr (=10£d per owt ) 

Fuel . . 6 84 fr. (=2s 8d. „ ) 



8 Continuous Liquation m Reverberatory Furnaces.-’Wm method 
of liquation presses the merit of hemg the least expensive m fuel, 
labour, and repairs , but necessitates a gieat loss of the sulphide 
through volatilisation during the operation 

It can thus be seen that its adoption is only recommended where 




Fig 11 — Perspective view Seale: 
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fuel is dear and the cost of mining is low, and where it is a question 
of pioducing large quantities of crude antimony with great rapidity 
Thus, under these special conditions the loss of the sulphide may be 
practically neglected. 

The construction of such a reverberatory furnace is that of the 
ordinary type, with the exception that there must be present a tap- 
hole at the deepest pomt of the bed for the removal of the liquated 
sulphide 

Figs 9, 10, 11, 12 show the construction of a liquation reverbera- 
tory furnace. 

The inevitable loss m tubes and in reverberatory furnaces can be 
prevented by using the condensation apparatus of Herrensohmidt 

Products of Liquation . — The crude antimony thus produced 
generally contains some impurities (1 to 4 per cent, of iron sulphide 
and 0*2 to 3*4 per cent of arsenic sulphide). 

The following is an analysis of a liquation residue given by Bruno 


Kerl — 

Sb 2 Sj* . . . 20 40 

FeS . ... 2 87 

FeS a . . 1 23 

Si0 2 . ... 69 84 

A1 2 0 S • . . 4 06 

OaO . . . .6-22 

C0 3 . 4-10 

Alkali and cai bonaceoua uiattoi . . 1 *69 


100 

The liquation residues, if sufficiently rioh, are worked up for 
antimony regulus 0 

2 Preparation of the Stable Tetroxide. — Smce the sulphide and 
the oxide of antimony ore are not mutually decomposed on heating, as 
are the Bulphide, oxide, and sulphate of lead in the preparation of 
the metal from galena, a roasting and reaction process cannot, there- 
foie, be used for the winning of antimony from its ores When 
sulphide and oxide of antimony are melted together, a glass of oxy- 
sulphide is formed Antimony tetroxide can only be reduced to the 
trioxide in the presence of the sulphide, while at the same time 
antimony glass is formed 

An oxidised ore is generally mixed up with the roasted sulphide 
for the reduction process , and any ore, when sulphuretted, is worked 
together with antimony glance 

•The Sb 2 S 3 is not only found in the intenor of the pieces, but covers them 
with a film of thin glaze. * 
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The produot of oxidising roasting may be either the stabh 
tetroxide (SbgO*) or the volatile trioxide (Sb 2 0 8 ) The latter metho( 
is called “ volatilising roasting ” (Germ mrfiuchtig&tide Rostwng ), an< 
will be treated under the next heading. 

The chemical changes which take place for the production of th 
stable tetroxide are as follows : — When aiftunony glance is heated no 
much above 350° 0., the trioxide is formed, with the evolution o 
sulphur dioxide . 

Sb 9 S a + 90 = ShjjOa + 380* 

A part of the trioxide iB further oxidised to the pentoxide, Sb 2 O c 
which, oombming with some of the trioxide, forms the teti oxide 
Sb 3 0 4 . When oxideB of metals are present, antimomates are formed 
If the ore oontains a large quantity*of sulphides of foreign metals 
whioh would, under ordinary oircumstances, form sulphates, i 
they alone were oalcmed, antimomates of the foreign metals ar 
formed. 

The roasted mass should contain the tetroxide principally, i 
the ore is comparatively pure and if the correct temperatur 
and proper quantity of air have been maintained throughout th 
process of roasting. But ideal conditions are very seldom me 
with ; hence the produot may contain antimony glass, unde 
composed sulphide, and antimomates, arsemates, and sulphates o 
foreign metals, if the ore contains these foreign sulphides an< 
arsenic compounds. 

According to Bidon, the proper temperature for roasting anti 
mony glanoe is about 350° C. ; if the temperature is too low, th 
sulphide is not decomposed, and consequently antimony glass l 
formed from the mechanically melting together of the sulphide an< 
the trioxide at a dark red-heat , and if the temperature is too high 
the mass begins to frit together, thereby preventing the penetratioi 
of air to the interior of the masB, and both the sulphide and th 
oxide are volatilised 

The fritting of the mass during roasting can be prevented b; 
constant and regular rabbhng. The presence of gangue has a goo< 
effect in obviating, partially at least, this difficulty This account 
for the fact that, the richer the ore is, the more difficult it is t< 
roast. But, with rich ores, it is impossible to prevent to som 
extent the loss due to the liquation of the sulphide and the formatioi 
of flue dust, which mainly consists of the tnoxide, the tetroxide, th 
sulphide, arsenic compounds, and carbonaceous matter. Toward 
the end of roasting the temperature can be raised a little, in orde 
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to further roast any remaining unoxidised sulphide An oie 
properly roasted should have an ashy-gray oolour on cooling, and 
should appear reddish m colour while m the furnace. Furthermore, 
it should give a soft feeling under the rabble and should be free 
from any fritting together of the mass. An excess of air is 
necessarily required for the formation of the stable tetroxide instead 
of the volatile trioxide 

The roasting of antimony glance for the production of the tetroxide 
is now carried out in reverberatory furnaces, provided with arrange- 



Fia 13. — Scale =^r. 

Description of fig. 18, shouting a, longitudinal section. 

A, Foundation H, Fire- bridge 

B, Hollow below the trough. J, Spaoe for the ore to be 

0, Fire-bnok. oxidised 

D, Ordinary bnok K, Arrangement for allowing 

E, Grate. the water to drip. 

F, Funnel-shaped opening L, Water reservoir 

forohaigmg M, Chimney 

G, Condensation chamber 



for the oxide. 


ments for condensation. In Hungary muffle furnaces and special 
furnaces for the roasting of ore dust were used in 1862 , these will 
be described first 

The vpecwjd furnace for ore dust ib shown m figs 13 and 14. 

The stirring of the charge m this furnace must be attended to 
as frequently as possible, to prevent any fritting together of 
the mass 

The muffle furnace ib shown in figs 16 and 16 Its use is to make 
possible the production of more or less pure tetroxide, together 
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Description of jig l£, 

A, Oxidation chamber. 

B, Fire-bnck 

0, Ordinary bnok 

D, Door 

E, Grate 


skmotng apian mew 

F, Condensation ohamhei 

G, Arrangement foi the watei to 

dnp 

H, Ohimne\ 

J, Working door 



Fig 15 — Scale 


Description of jig 16, showing a cross section . 


A, Muffle inside 

B, The fire-clay muffle, 

C, Heating apace 
D t Fire-brick. 

E, Ordmuiy brick 

F, Outlet for sublimation product. 


G, Outlet for smoke. 

H, Grate 

J, Door 

K, For ashes. 

L, Pi Mile of the cover, with hole 

for the admission of air. 
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with a better control of the oxide and of the smoke coming from 
the fireplace. 

The two kinds of reverberatory furnaoes now in actual use for 
roastmg are rabble furnaoes and long-bedded hand-furnaces (Germ 
Fortschaufehmgsofen) 

The rabble furnaces were used formerly at Bouo and Sept&mes m 
France. Fig. 17 shows a plan view, while fig 18 shows a section 
across A B. a is an egg-shaped horizontal bed, 8 ft. 3 ms. long, 
4 ft. 7 ins. wide at its greatest width ; r r are fireplaces, 5 ft. 3 ms 



Fig. 16. — Front new Scale = T V 


A, Cover for the muffle. 

B, Hole for the admission of 

air 

0, Heating space. 

D, Fire-bnck. 


E, Ordinary bnek 

F, Door for fuel. 

G, Grate 

H, Ash-pit. 

J, Exit for smoke. 


long and 1 ft 2 ms. wide , b t door for working , d, flue leading 
to the main chimney ; f 3 hood for the removal of antimomal 
fumes from the furnace-men. In six hours 5 to 6 cwts. of 
ground and sifted ore can be roasted m suoh a furnace ; the door 
must be closed during the first two hours, but toward the end 
it is opened so that the workmen can stir and rabble the charge 
well. The loss of antimony m well-executed roasting is about 
2 per cent. 

At Siena the method of working is thus . — 4 cwts of fine ore 
charged at one time. Time of roastmg = 3 to 12 hours, according to 
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the richness of the oie Consumption of lignite per charge = 77 lbs. 
Loss of antimony = 5 per cent. 

5 
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a reverberatory furnace), as used in New Brunswick, are as 

follows : — 


Length 

. 42' 0" 

Width 

. 7' 0" 

Working doors on each side 

10 

Height from bed to roof 

. 2' 1" 

Width of fire-grate 

. 2' 1" 

Height of firo-bndge 

. 5' 2" 

Breadth of flre-bndge 

. X" 

The method of working is as follows - 

— 

Capa-city of furnace 

. 80 ewts. 

Oharges 

5 to 6 cu ta at one time. 


8 oharges (18 owts.) dunug 24 hours, so that 
Shift . • eaoh charge remains m the furnace for 40 

1 hours. 


Cons^pfaon of | ^j iree .q Uar ^ era 0 f a oon j m 24 hours. 

Losb of Sb 7 5 per cent. 

The ore must be strongly heated and thoroughly rabbled every five 
minutes during the last two hours before being drawn. Properly 
roasted ore must have a dull grayish-yellow colour 

The furnaces, as used at B&nya, have the following dimensions . — 

Length . f . 26' 3" 

Width . . . 0' 6" 

Working doors on each Bide .... 6 

Ores roasted m 24 hours .... 24 owts. 

Charges of 4 owts each are mtroduced at the colder end of the 
furnace, and are then finally diawn after twenty hours at the opposite 
end. Stepped grate is used, and the fuel is lignite. 

The following operation for roasting the ore is carried ont m 
Tuscany, Italy : — 200 kilos, are charged into a reverberatory 
furnace, heated up a little previously. The temperature is then 
raised to not more than 350°. Rabbling is carried on for from three 
to twelve hours. Rich ores require a longer time. Each operation 
requires 35 kilos, of lignite, and the loss due to volatilisation is not 
more than from 5 to 8'5 per cent. 

Another type of the same kind of furnace is shown in figs. 19, 20, 

21, 22 

Furnaces with a trough-shaped bed sloping towards one of the 
longer sides of the furnace have been proposed for the performance 
of both reduction and roasting at the same time The use of having 
the slope is for the tapping off of any portion of the sulphide that is 
unavoidably liquated during the roasting. 




The advantages of this method for treating antimony oro are — 
(1) The separation of arsenic fr&m antimony, duo to the fact that 
arsenic oxide is moie volatile than antimony tno\idc 
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(2) If the ore contains gold or silver, the latter is generally found 
m the residues after volatilisation 

(3) This method makes it possible to treat low-grade ores, eg. 
7 per cent, to 20 per cent., with profit 


P 13 0 Q 



Fig 21.— Section A B Scale 


(4) With different devices for condensation, the loss of antimony 
is practically ml 

(5) The economising of fuel. 

(6) The trioxide, thus condensed, oan be reduced to metallic anti- 
mony, or it oan be used for other industrial purposes —for instance, to 
make paints. 



Fig. 22 — Perspective Scale =**&■ 

From these we might be led to believe that this method forms the 
proper line of development of the metallurgy of antimony in the 
future, judging from the most favourable results that have already 
been attained in Fiance, in which country this method has reached 
its highest perfection. 
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The historical development of the many processes based upon the 
volatilisation method that have been brought forward, is shown by 
the following list and descriptions . — 

1844 Bobierre, Ruolz, Rousseau 
1858. M de Frauoesohi 
1862 Glass 

1876. Hemmaohrmdt, Borthwiok 
1880 (?) Oehme 
1881. Herrensohmidt 
1883. Henng 
1888. Helmhacker. 

1888, Chatillon 
1889 Woolford. 

1902. Plews. 

1903 Herren schmidt 

1906. Rasse-Coiirbet. 

1907. Miniere e Fondene d’antimonio Soci&ta Anonima, Italy. 

1907. Chatillon 

1008, Herrensohmidt. 

These will be taken up in their proper order. 

Bobierre, Ruolz, and Rousseau were the first persons to put forward 
the idea of producing antimony tn oxide by the volatilisation method, in 
1844. For a brief description of their process, see under Chapter YI 

M. de Francesohi followed in 1858 by using air only, and admit- 
ting it in limited quantities. 

In 1862 Glass proposed to draw air through a bath of melted sul- 
phide in order to obtain the volatile oxide and produoe an impure 
regulus 

The next important step was taken by M. Herrensohmidt and 
Borthwick, who in 1876, m Australia, patented the process shown m 
fig. 23, especially applied to ores containing gold This process con- 
sisted of a rotating roastmg furnace, having the section of an elon- 
gated horizontal truncated cone, with a ventilator and a chamber foi 
the deposit of the volatile oxide formed 

In 1880 (?) Oehme described the following process for producing 
very pure antimony oxide . — 

In twenty-four hours 600 kilos of ore can be treated The charge 
must remain about twenty-four hours in the retort or muffle. The 
working of this process is not so easy as it appears, as some dexterity 
is required in admitting the proper quantity of air and water 
The formation of more hydrogen sulphide than sulphurous acic 
indicates a deficiency of water added ; if the air is m excess, tht 
tetroxide is formed instead of the volatile trioxide. A dark-red hcai 
fs best for obtaining a satisfactory result The residue of a well 




Fig 24. — Scale =■^ 5 . 


A, The muffle in winch the oto is 

to he volatilised 

B, The fireplace. 

C, The aBh-pit. 

D, Iron flue, through whioh any 

uncondensable gases pass out. 

E, Channel under the ground. 

F, Iron pipe leading the trioxido 

mto the condensing chamber G 


G, Condensing chamber. 

H, The last chamber in which any 

remaining gas is to be con- 
densed by a stream of water 
running thiough K 
J f Door for emptying the contents 
of the chamhei. 

K, Small pipe to lead water mto 
the muffle. 


In 1881 M Heriensohmidt patented a process,* of which the 
following is a brief description — 

The natural sulphide ore, containing, say, 25 per cent, of antimony, 
* New Sou tli Wales patent No 097, Oot. 10, 1881, 
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is introduced into a blast furnace or a oupola with 10 per oent of 
coal If the mineral is an oxide, then 25 per oent. of coal is required 
In i mm ediate connection with the furnace or oupola is a chamber 
for the condensation of the volatile oxide thus produced, and beyond 
it a reservoir containing water for the condensation of the last trace 
of the volatde tnoxide. The practical working of this process may 
thus he summarised : — 200 lbs of coal are burned m the furnace or 
oupola \ on it is put one ton of sulphide ore or 800 lbs of oxide ore ) 




Fig. 26 -Scales-^. 

A, Profile of the muffle. O, A seotion on the front. 

B, A section on the back. D, The coyer, with an air-hole. 

air is then drawn in by means of a ventilator , the oxygen of the air 
thus introduced combines m part with the antimony, forming the 
volatile oxide, and in part with the sulphur, forming sulphurous acid. 

The process of Hering (1883) waB analogous to that of Herrensohmidt, 
the principal difference bemg that the roaBting was effected in a 
reverberatory furnace. 

In 1883 Helmhacker first mentioned the use of cloth or saok for 
the condensation of the fine volatile oxide, m place of water, which is 
so destructive to the metallic lining of the reservoir. 
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Chatillon, who is now the owner of several large antimony smelting 
works m Haute-Loire (France), patented a process* in 1888, which 
is briefly thus * — Coke and ore are charged alternately into an ordinary 
roasting furnaoe, from which the volatile oxide thus developed is 
aspirated by a series of ventilators — generally three — into which 
boiling water is introduced for catching the volatile oxide in the 
currents passing through them , the last trace of the oxide is absorbed 
by the water contamed m a series of basins. 


D 


J !l . 

w s I T 



•Fro 20. 


A, The made of the chamber 

B, Pipe for supplying antimony 

oxide 
0, Outlet. 

D, Watei-pipe 

E, Star-shaped piece for sprinkling 

F, Manhole 

G, Protector-piece against the 

shower for the pipe 

H, Bnok foundation. 

J, Plan view of E. 

K, Water overflow. 


Woolf ord’s process (1889) is very similar to those described above 
M Plows’ patentt is as follows (1902) —The sulphide mineral is 
first broken into pieces not larger than 1 cubic centimetre, and is 
then charged into a furnace already heated to dark red by means of 
any kind of smokeless combustible material An oxidiBing flame is 
then produced in the furnace, and the temperature is raised to light 
red and is so maintained until all the volatile oxide is given off 
With certain minerals, the antimony is not easily volatilised by an 

* French patent No. 189,974, April 16 r 1888 
i Fremli patent No 318,h58, Feb. 13, 1902 
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nyiHiaing flame , m this case penodie alternations of an oxidising 
flame and of a reduomg flame are maintained so long as necessary 
Ventilators are used to produoe a draught carrying the volatile oxid< 
from the furnace into the chambers for condensation The last tract 
of the oxide not yet condensed is finally absorbed in a basin of water 
A rotative furnace of the ordinary type is preferred to any othei 
VinH. Coal gas or oil gas may he used. (Fig 27 ) 

In 1903 M. Herrensohmidt patented* a process whioh is a greal 
improvement upon his former patents In order to thoroughly 
condense the oxide produced, the apparatus must possess a, largt 
oooling surface, have a large volume for facilitating the deposition o 



A, Gas-producer, 
a, Air inlet. 

B, Rotative roasting furnace 
C 0, Condensation chambers. 

c, Ventilator 

D, Beaervoir containing water. 


H, Flue m connection with a 
chimney, to be used when 
an intense beat is lequirod. 
The water vapour used may 
be introduced at J. 


the oxide, and be able to subdivide the current of volatile oxide Tin 
apparatus described below possesses these tbiee principal factors 
Fig 28 is a longitudinal view, and fig. 29 is a transverse section. 

Kasse-Courbet’B process is as followst : — Fig. 30 shows a longitu 
dinal view and a section across A A of fig. 31, which is itself i 
section across B B of fig 30. Fig 32 shows the subsidiary parts o 
the apparatus The furnace is composed of several muffles, a, and o 
a hearth. The muffles are so arranged that the flame may plai 
around them through the canals, c, and then passes into the 
ohimney, d 

* French patent No. 333,806, June 23, 1903 
t French patent No 362,466, Jan 16, 1906. 
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Fig 32. 
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The mineral is introduced into the muffles through doors, /, which 
are closecT during the roasting. 

The muffles are not m communication with one another , each 
muffle has an opening through, e, into a chamber, g, which communi- 
cates, through an openmg, o, with a channel, A, connected with the 
condensing chambers, % The circulation of the vapour is obtained 
by means of a ventilator,,/, placed immediately after the last chamber 
of condensation The remaining gas, after passing through A, is 
washed by a water-shower in l, and then passes into the basms, m 

The Miniere e Fondene d’antimome Soci&ta Anomma, Genoa, Italy, 
one of the principal antimony smelters, patented in 1907 the follow- 
ing process* — 

In other processes the oxide produced is generally condensed either 
in long flues, or on baffleB, or in large condensation chambers In 
many cases the volatile matter is mixed with water m the ventilators, 
after which the oxide is separated out by decantation. The conden- 
sation in these cases is not always complete, and the object of the 
present invention is to prevent any loss of the oxide by filtering 
through ootton, linen, or any other fabric that will arrest the oxide con- 
tamed in the smoke 

In order to prevent the carbonisation of the tissues used, it is 
necessary to oool them to about 100° If the oxide-containing fumes 
have too high a temperature, they must be cooled by parsing them 
through chambers or motallic tubes more or lesB surrounded by water 
Care must be taken not to allow the oxide at its early stage to come 
into contact with any water, as the presence of water would destroy 
the permeability of the tissue and lead to the foimation of sulphurous 
acid In order to overcome the resistance to the draught, offered by 
the tissues UBed, it is necessaiy to use ventilators 

Figs 33, 34, 35, 36 represent cooling and condensing chambers, 
figs 37, 38, 39, 40, filtering chambers 

Fig, 33 is a cross-section of fig. 34 The walls and foundations of 
these chambers are of masonry, stone-conoiete, or sheet-iron. The 
roof is always bordered lengthwise by L-shaped plates, 2, so 
as to serve as evaporating basins for the water flowing over the 
loof The condensed oxide falls into the sacks, 3, from which it 
can be discharged Figs 35, 36 show another form of condensing 
ohambeis, fig 35 bomg a cross-section , the channels are arranged 
m chicanes, 5, with openings, 4, for the discharge of the condensed 
oxide 

Fig 37 represents a cross-section, and fig. 38 a longitudinal section, 
* French patent No. 381,517, Sept 4, 1907 
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Fig 87 . 


Fio 88. 
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of the filtering chambers. The smoke from the condensing chamber 
is aspirated by a closed ventilator, 6, through the passage, 7, over 
which are hung a senes of sacks, 8. The oxide, filtered off by means 
of these sacks, falls down into hoppers, 9, and is then discharged 
through 10. The remammg gas may then be taken to an ordinary 
chimney. 

Figs. 39 and 40 represent another form of filtenng chambers. 
The fume from the condensing ohambers is aspirated by a ventilator 
(not represented) through tubes, 11, made of sheet-iron Belc 
these tubes are suspended the saoks, 12, by means of which tl 




oxide is filtered off, falls into hoppers, 13, and is then discharged into 
15, through 14. 

M Emmanuel Chatillon patented* in 1907 another process which 
will be described later on The mam advantages of this process are — 

(a) The possibility of treating ore dust. 

(5) The saving of the heat evolved, m the furnace as well as in the 
chamber of condensation. In the latter the heat is used to raise the 
temperature of the air before passing into the furnace 

(c) The complete filtration of the oxide by means of saoks. 

Fig. 41 Bhows a vertical section across A A of fig. 42 and BB 
of fig. 43. Figs. 42 and 43 are horizontal sections through C C 
and D D of figs. 41 and 44 respectively 

* Fiench patent No 382 *>04, Oct 3, 1907. 
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The roasting furnace is composed of two cupolas, a b and ad 
rectangular in section and communicating with the superior pait, e, 



m / 'tv 6! „/' 'm 

Fig. 41 


common to both, eaoh cupola is oharged, as usual, with alternate 
layers of combustible material and ore \ each cupola, a, c, communicates 
with an inferior oupola, b , d, where the last traces of the oxide are 



Fig 42. 


removed from the scoria, and where hot air is produced, whioh, 
together with the metalho gas, returns into the superior oupola 
through little channels m the masonry, /, g t h, i, and through r l f* 
9\ 9\ h\ K* %\ ft 
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The lufeuor cupola also communicates with, a kind of gratec 
hoppei, K, two surfaces of which consist of inclined bars and twt 


E\ 



Fig. 48. 


of inclined masonry The finished Boona passes into this, and then 
through the movable register, wi, into the waggon, n 

The parts p, q , r are enlarged by the corbelling out of the bucks, 



Fig 44 


and are more or less inclined inward towards each cupola ; they form 
a surface of about 4 metres square, and are destined to reoeive the 
dust ore, which is melted by the heat, falls mto the cupolas drop by 
drop, and, on meeting the hot air coming into the cupola through 
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f, Z 2 , g\ g\ and c, is ohanged into volatile oxide The 
and condensing chambers may be connected with h 

The latest improvement m the volatilising prooess is embc 
a patent* obtained by M. Herrensohmidt, with which the 
is personally familiar. The fundamental principle is the i 
that of his earlier patent, 1903, the only difference being 
details, which are clearly shown in fig 45, and Plate opposite 

The Herrensohmidt Process of Antimony Smelting. (1 
( faction . — The present account ip based upon a personal s 
the new process, and contains the results of a few expe 
earned out in the Laboratoire de recherches ind/nstmelh 
tons minerals of M Herrensohmidt, at Le Genest (Ms 
France, to whom all the credit is due The experiments 
volatilisation prooess, given in the patent No. 386,107 tal 
by M. Herrenso hmi dt April 5, 1908, in Franoe, were cart 
by that gentleman and myself on the 24th, 25 th, and \ 
May 1908 

(2) Description of the Apparatus — Fig 1 of fig 45 is a long] 
section. Fig 2 is a cross-seotion along a b Fig 3 is a cross 
along c d ef. Fig, 4 is a horizontal section along J T. 

The broken mineral is charged, together with a certain ] 
age of fuel, into the roasting furnace, a , the bottom of w 
formed by horizontal iron bars, 5, arranged symmetrically i 
distances apart. 

The volatile antimony trioxide is deposited on oondc 
pipes, e (Fr. tuyaux a axlettes), m the oondensmg chambers 
the aid of the two ventilators, h. 

The last trace of the uncondensed oxide is laid down by the 
coming from the coke-tower, », at the top of which are the wat- 
f and the see-saw water-distributor, k The roasting furnace 
partly of bricks and partly of cast metal ; the oondensmg oh 
are all of cast-iron, and the coke-tower is formed of wood 
oondensmg ohamber is 1 metre long 

(3) Description of the Process (a) The guaranteed results 
apparatus just described are — 

The yield in oxide is never less than 90 per oent of the 
oontamed in the ore 

With ores direct from the mine, containing 10 to 15 pc 
of antimony, 6 tons can be treated every twenty-four hour 
a consumption of 4 to 5 per cent gas ooke or 6 to 7 pe 
of charcoal. 

* French patent granted April 6, 1908, No. 880,107 
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With ores oontammg 18 to 20 per cent of antimony, 4J tons pe] 
twenty-four hours can he treated, with a consumption of 5 to 6 pei 
cent, gas coke or 7 to 8 per cent charcoal 

The gold, if piesent in the quartz of the ore, is almost all recover 
able from the sooria 

For eaoh apparatus four workmen are employed m the tweuty-fou 
hours, and 3 H.P. is used for the ventilators and pump. 

(6) The working conditions — The best size of oie to be treatec 
is from 1 to 4 centimetres The ore duBt must be separatee 
out and, if m large quantity, can be moulded with 7 to 8 pe 
cent of clay into balls of the proper size and charged along witl 
the ore. 

(c) The actual working is thus : — The roasting furnace is at firs 
charged with old scoria up to a height of about 10 centimetres abov 
the uppermost iron bar forming the bottom , then enough wood an( 
charooal are put in to a height of another 10 centimetres , as sooi 
as they are lighted and bum freely, another charge of 300 kgE 
of old scoria, mixed with 6 per cent, of charooal, is put m, and 
finally, when the burning is thorough and the furnace is hot, 
charge of 50 kgs. of ore (containing about 15 to 20 per cent 
Sb) mixed with 2 kgs. of charcoal is put m, and this is continue* 
until the furnace is full to within 30 centimetres from the moutl 
The same charge is continued every 12 to 14 minutes, according t 
the rate of revolution of the ventilators — which is from 1200 to 140 
revolutions per minute — and the scoria is discharged accordingly 

Gas coke gives better results, if it is obtainable , and, if it is usee 
only 2 to 6 per cent , or 1 to 3 kgs for every 50 kgs. of the sam 
class of ore, are necessary, according to the richness of the or 
roasted. 

The temperature of roasting should not be moro than 400° C. 

Water used per day for one apparatus is 30 oubio metres 

(4) Reei dt&ofthe Exp&nments. (a) First Experiment — Thefumac 
was lighted at 8 30 a. m on the 24th of April, and it was not unt 
10.5 a.m that the furnace was hot enough to admit the first ohargi 
f The working was continued regularly until 11 p in. of the sam 
day; the total working time was therefore 12 hours 55 minute 
The charging was as follows — Each charge consisted: of 50 kg 
of ore, minus the oie dust, which had previously been sieved oi 
The first three oharges were mixed with 10 per cent of charcoa 
the fourth to the tenth charges with 4 per oent , the eleventh to tt 
nineteenth with 2 per cent., and from the nineteenth to the las 
' with 4 per cent The total charges amounted to 2850 kgs. of ore 
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The products of roasting fSb a 0 8 ) are — 


let condensing chamber . 

76 kgs. 

2nd ,, „ 

05 „ 

Sid lf ,, 

65 „ 

4th „ f , 

48 „ 

6th ,, ,, 

49 „ 

0th », ,i 

44 „ 

7th „ . 

34 „ 

8th ,, ,, 

24 „ 

9th ,, ,, 

19 „ 

Total 

= 424 kgs. 

It should be noted that the cleaning of the chambers and pipes for 
the removal of all the oxide was earned out in the next expenment. 

(b) Second Exp&nment — The first charge in the Becond expenment 
commenced at 11 5 a.m on the 25th of April, and the last charge 
stopped at 10 30 pm. of the Bame day, thus giving a total of 11 
hours 25 minutes working time. Each charge consisted of 50 kgs 

of ore mixed with 4 per cent of chaicoal 
amounted to 2725 kgs of ore. 

The total charges 

The products of roasting (Sb 2 0 3 ) are — 


1st condensing ohamboi .... 

170 kgs. 

2nd ,, ,, 

103 „ 

3rd „ ,, 

96 „ 

4th ,, ,, 

01 „ 

5th ,, „ . 

45 , > 

0th ,, „ 

38 „ 

7th , , 

32 „ 

8 th i , j , i 

28 „ 

CD 

e 

23 „ 

Total 

= 002 kgs. 

These numbers represent the actual amount 

of oxide extracted 

from the ore, plus the cleanings of oxide, due 
expenment 

m part to the first 

Further cleaning of the pipes and ohambers gave 32 kgs. The 
condensing tanks, n , in fig 4 of fig 45, gave 178 kgs. of dried oxide 
Now, if all had been thoroughly cleaned up— the pipes, the condensing 
chambers of the coke-tower, and the precipitating tanks — there would 

have resulted at least 5 kgs. of oxide more. 


(c) Conclusion . — The ore treated contained 

19 '5 per cent of 

antimony. 


The oxide found in the first chamber contained 23 per cent, of 


impurities. 
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An analysis of an average sample of the oxide from the other 
chambers gave 5 per cent, of impurity 
Total quantity of oxide obtained : — 


1st experiment 

. 424 kgs. 

2nd „ 

. . 002 „ 

Dned oxide (from tankB) 

• 178 „ 

Gleanings 

82 „ 

Estimated cleanings 

. . 6 „ 


1241 kgs. 

The amount of ore treated was • — 

1st experiment ... 2850 kga. 

2nd „ * . 2726 ,, 

5575 kgs. 

The actual quantity of pure oxide obtainable was : — 

1241 - [(76 + 176) x *28 + (989 x *005)] 

=1241 -(58 + 6) 

= 1178 kgB. of pure oxide, which is equivalent to about 981 kgs. of pure Sb 

Now, smoe the ore analyses recorded 19*5 per cent Sb, then m 
5575 kgs. of ore there are 1087 kgs. of Sb. 

Hence the percentage loss is : — 

1087 - 081 x ioo= a little less than 10 per cent. 

1087 

Agam, the scona, when analysed, was found to contain only 
1*3 per cent of Sb, whioh is equivalent to 52 kgs. of Sb considered 
as loss m the scoria (52 = 1 *3 per oent. x 4000 kgs. of scoria) 
Most probably, if the different parts of the apparatus weie 
thoroughly cleaned of their oxide, the loss would not be more than 
5 per cent. 

Practioally, m twenty-four hours 5 J tons of such ore can be treated, 
with a consumption of 4 per oent. charcoal. It is most probable that 
at least 7 tons could be treated per day, if the rate of revolution of 
the ventilators were increased from 1200 to 1400 per minute. 

The reason why charcoal was used in these experiments is that, 
although gas coke gives better results from an economical point of 
view, it is not easily obtainable in some of the out-of-the-way places, 
where perhaps the pnoe of charcoal is not very far above that of 
gas coke, if not actually leBs 

Generally speaking, it costs about 70 francs to produce one ton of 
oxide by this process m France 

The complete apparatus desonbed above costs 10,000 francs 
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B. Methods for the Production of Metallic Antimony. 

1. Eeduction of the Oxide— The object of this is to reduce the 
oxide (trioxide or tetroxide) to metallic antimony, oommonly called 
antimony regulus Now, if coal were the only agent used for the 
reduction, there would be a great loss due to volatilisation, and, m 
addition, some unaltered sulphide of antimony in the roasted 
ore. Therefore alkaline substances like potash, soda, Glauber salt, 
eto., are added in order to form a fusible slag, which, being lighter 
than the metal produced, would form a cover over the metallic bath, 
thus preventing any possible volatilisation, and would dissolve any 
sulphide of antimony present This slag also serves as a refining 
medium, removing any impurities present from the final metallic 
product. 

The working expenses of the roasting and reduction process are 
less than those of the precipitation method, and hence it is suitable 
for the working of poorer ores and liquation residues, while the 
latter can only be adopted — and even then very rarely — when ore 
is rich, but ooal and labour cheap 

(a) Reduction vn Reverberatory Fwrnaces . — In the ordinary way, 
this process is simple and oan easily be controlled, but there is a 
considerable loss of antimony, hence it is adopted when ores are 
nch and fuel is cheap The loss of metal amounts to at least 12 per 
oent., and sometimes, according to Helmhaoker, to as much as 30 
or 40 per oent This kind of furnace has been m use at Bouc, at 
Sept&mes, at Siena, and in New Brunswick. 

At Bouc and Sept&mes, the roasted ores are generally worked up 
together with oxide ores from Algiers, and with antimonial flue dust. 

The furnace-beds are egg-shaped, 7 feet 10 inches long, 5 feet 
3 mches wide m the centre, and 3 feet 4 inches at the fire-bridge 
The fire-bridge is 1 foot 4 mches above the fire-bars and 1 foot 
below the roof. The bed is a deep and hollow one, built of fire-brick, 
and slopes from every part to a tap-hole through which the metal 
flows into a tapping-pot placed below it The maximum height of 
the roof above the bed is 3 feet 3 inches The opening by which 
the charge is introduced is 1 foot 4 inches wide. The flue, about 
8 mches in diameter, generally leads into condensing ohambers 400 
feet long, for the deposition of the antimonial vapour. At the ond 
of the system of condensing chambers is the mam chimney. 

Figs 46 and 47 show the type of reverberatory furnace used at 
Spetfcmes, 
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Figs. 48, 49, 50, and 51 show another type of the same furnace 
The dust obtained from the condensing chambers contains up to 
50 per cent of antimony The charge for this furnace consists of 
400 to 500 lbs of roasted ore, oxidised oies, and flue dust, 90 to 110 



lbs of a flux consisting of salt, smaller quantities of soda, and some- 
times a small quantity of Glauber salt, 65 to 75 lbs. of ground charcoal, 
and 220 to 330 lbs. of slag from previous charges, the slag containing 
principally common salt 

The furnace is first charged with the fluxes and is then fired , about 



an hour after their charging the liquefied fluxes will remain in a state 
of tranquil fusion. The other ingredients are then charged in 
portions of about 44 lbs at intervals of fifteen minutes, and are well 
stirred The scum produced after each charge is drawn off through 
the working door. The furnace is strongly fired aftei the last charge. 



THE METALLUSQY OF ANTIMONY 


105 



Fiq, BO — Seotion A B 



106 


THE METALLURGY OF ANTIMONY. 


Altogether, the prooess occupies from four to six hours. The combined 
aotion of the oharooal and soda is to separate the antimony from its 
oxygen and sulphur compounds, while the gangue is slagged by the 
soda, and the foreign metals, if present, are earned into the slag as 
sulphides by the aotion of the sulphide of soda resulting from the 
reduction of the Glauber salt by the charcoal. The influence of the 
salt added is like that of the Glauber salt and soda, actmg as a flux 
and as a cover, and m addition carrying the foreign metals present 
into the slag as ohlondes. 

The fuel consumption is 6-6 cwts. per charge, and the loss amounts 
to 14 or 15 per cent. 

It must be borne in mind that the metal drawn off from the 
tapping-hole must be covered over with the slag during its cooling in 



the tapping-pot. When solid, the regulus is freed from its slag by 
hammering. 

The following figures were obtained from the working of 830 
charges as practised at Siena : — 

868,838 lba. of roasted ore, 

268,918 ,, sea salt. 

12,641 „ soda ash. 

88,628 ,, Glaubei salt 

38,206 ,, slag from previous charges. 

4,409 ,, iron slag. 

The antimony obtained weighed 113,573 lbs 
In New Brunswick the l Ruction aud the refining are carried out 
consecutively in the same operation The furnace dimensions are . 
diameter, 8 feet 6 inches , the depth m the centre is 1 foot 6 inches , 
the beds are built of fire-clay and are concave, 
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The operation is thus : — 

Roasted ore charged at a time . . .6 owts. 

Cover of Glauber salt . . . 1 owt. 

Coarse, hard wood-charcoal, powdered . 82 lbs. 

Before the first oharge is made the bed of the furnace must be heated 
to redness. The oharge generally melts m about four hours, when it 
begms to effervesce, with the evolution of carbonic oxide, which escapes 
through the layer of slag and bums. The oharge is rabbled until 
boiling ceases, when it is allowed to settle for half an hour. After 
this the oharge is allowed to cool by leaving the fire-door open. This is 
oontmued until the slag attains a low red heat and, bemg in a pasty 
condition, is drawn off. Refining materials — 27*5 lbs. of Glauber salt 
and 11 lbs. of wood-oharcoal — are immediately added, and the furnace 
is strongly heated After an hour and a half, when boiling ceases, the 
metal and the slag are drawn off together into an iron mould Care 
must be taken to leave at least half an inch of slag as a cover for the 
metal, thus preventing the possibility of the metal solidifying before 
the mould is filled. As soon as the mgot becomes solidified, the slag — 
essentially a sulpho-salt of antimony mixed with sodium oarbonate, 
containing about 15 per oent. of antimony — is removed and is agam 
smelted with one-fifth of its weight of iron for subsequent use. 

At one of the works m Hungary the refining is said to be com- 
bined with the reduction. In a reverberatory furnace 5 owts of 
roasted ore are smelted with 10 per cent of small ooal, together with 
3 to 6 per cent, of Glauber salt, for twenty hours , after the removal of 
the slags thus formed, 22 to 25 lbs. of slag from a previous refining 
of antimony are added. The ladling of the metal is commenced as 
soon as this is fused. 

According to M Herrensohmidt, the tnoxide produced by the 
volatilisation method can be reduced m the following way — An 
ordinary reverberatory furnace furnished with condensing apparatus, 
as shown in fig. 52, is previously heated before the following oharge 
is commenced — 

10 parts of the tnoxide. 

6 parts of crude antimony. 

1 part of oarbon (charcoal or anthracite). 

After six hours the charge must be thoroughly rabbled, with the 
result that antimony metal is formed. 

The following proportions may be employed : — 

80 parts of tnoxide 

20 paits of sulphide (crude). 

12 to 15 parts of carbon. 
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Fig. 52 
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The starling of the metal can be brought about by using a purify- 
ing mixture of 6 parts of oarbonate of soda and 4 parts of antimony 
trioxide, which has previously been melted m a small chamber at one 
end of the reverberatory furnace. This mixture should be poured 
out as Boon as the metal is allowed to run into moulds 

(b) Reduction m Water-jacket or Blast Furnaces — At Bouo and 
Septkmes, oies containing 30 to 40 per cent of antimony were at 
first roasted m reverberatory furnaces, and the roasted product was 
reduced m three tuyered shaft furnaces which were worked on the 
“ spur ” principle with covered “ eye.” Their dimensions were . height, 

10 feet 10 inches ; depth, 2 feet 7 inches to 3 feet, width, 1 foot 

1 1 inches In twenty-four hours 2 to 2 \ tons of ore were worked, with 
the consumption of one- half the weight of ore of coke The crude 
metal produced contained 92 to 95 per cent of antimony, and was 
refined. 

Henng proposed to work the liquation products, with the com- 
position shown on previous page, in a circular shaft furnace of 
the following dimensions — 

Height, 19 feet 8 inches 

Diameter at the tuyeie level, 8 feet 4 inches 

Blast, 580 cubic feet per minute, at a pressuie of 7 8 inches of water 

Residues melted, 7 tons 

Tap cinder added, 150 per cent. 

Limestone used, 40 per cent 
Gypsum or Glauber salt, 6 per cent 
Coke consumption, 1 4 per cent 

At BAnya, near Scklammg, in Bohemia, antimony ores, consisting 
of sulphides and oxides, mixed with a considerable proportion of 
siliceous waste, are smelted in a blast furnace for crude antimony, which 
is then refined in a reverberatory furnace * 

The average percentage composition of the materials charged into 
the blast furnace is given in the table on page 110 

The furnace has a round stack 6 m high, 1 4 m. in diameter at the 
throat, and 1 m at the hearth, which is provided with five water- 
tuyeies and three outlets for the molten product — an upper one for slag, 
and two at tho bottom One of these has a slight rise for tapping, 
while the othor, which is honzontal, is used for blow mg out the furnace. 

Blast, supplied by a screw-blower, gives 15 cb,m per minute at 
30 cm water-pressure The gases are collected by a tube leadmg 
from the side of the furnace a short distance below the throat The 

* This ia taken fiom Beuj u hiltt Zlg , 1880, p. 102, as translated by 
Baucrnmn in hia Elements of Metallurgy, p 494 
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furnace is kept continuously in blast for three weeks, and smelts 
about 19 tons of material daily 


Dressed Ores. 

Liquation 

Residues 

' 


Oxidised 

Flue 

Refining 

Ores. 



Dust 

Slag. 

Raw Oaloined. 

Raw 

Oaloined 



Sb 43 8 48*9 46 '4 

21 4 

28-1 

66*1 

26 7 

Fe 14*4 

12 9 



# 

9 26*8 07 8*6 

15*1 

2 4 



Fen0 8 . 28*4 2 4 

SiO a 11 7 28 8 26*6 


17*3 

6 9 


41 6 

49-2 

10*8 

6 9 

Al 8 O fl 0 3 4 0 

0 5 

2 4 

( , 


0a00 8 8 3 .. 7*0 

4 0 




OaO . 1*0 

SbjSj • ■*. 

FeS 

4 0 

0*7 


2*4 

v . • 

•• 


6*0 

63*4 

9-0 

The smelting mixtures are of two kinds : 

— 

Kilos 

B. 




A 


Oaloined dressed ores 

, 

. 660 

600 


Oaloined liquation-residues 


. 760 

600 


Ores balled with lime 


200 



Flue dust balled with luno 

Raw ore . 

• 

100 

100 


Oxidised ore . 

. 

■ . 

100 


Raw liquation-i esidues . 


, 

100 


Limestone 

. 

600 

800 


Foul furnace-slags . 

, 

. 400 

400 


Refining slags 

. 

i . ... 

200 


Grade Sb, Metal No. III. 


■ 

100 


The most favourable result is obtained 

when these mixtures are 


used alternately, two charges of A being followed by one of B. 

Lime, about 10 per cent., is used to ball up part of the washed ore 
to a compact mass, and 7 per oent. lime is used for the same purpose 
for the flue dust. This is only necessary at the beginning, for it 
is found that after eight days’ blowing these stuffs can be charged as 
powders without interfering with the working of the furnace. 

The products are unrefined metallic antimony, Blag, and flue dust. 


The antimony is divided into three olasses : — 

I. II. 

III. 

Sb . 

. . 90 02 78-80 

66 04 

Fe 

. 6*28 16*66 

23*80 

S . 

. 2 86 8*42 

10 46 
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The first two are sent to be refined, and the last is taken baok to 
the blast furnace 

The relative proportions of the total production of the furnaoe : — 

No. I. is 82 5 

,, II is . ..90’ 

,, III. is . . . . 8‘6 

The slags vary in composition . — 


SiOj 

• 




I. 

. 46 9 

II. 
45 9 

CaO 

. 

. 

, 

, 

. 84*6 

81*4 

FeO 


, 

, 

, 

. 16 1 

19’9 

Sb . 


, 

, 

, 

. 0*6 

0*9 


No I is obtained from mixture A, and No. II. from mixture B. 

Calcination is effeoted in a reverberatory furnace Length, 8 m. , 
breadth, 2 m. Five working doors on eaoh side Heated with brown 
coal upon a step-grate furnace The production is 1200 kilos, per day. 

The ore, oharged m 200-kilo. lots, clots and softens, giving off a 
large quantity of sulphurous acid as soon as it attains red heat, but 
subsequently becomes dry and m the state of powder The average 
time for a charge to remain m the furnaoe is twenty hours 

The refining of the metal ib conducted in a reverberatory furnace, 
with an iron bed 4 m long by 2 5 m broad, covered with a layer of 
fire-clay 0*28 m. thick. Brown coal is used upon an ordinary grate. 
The furnaoe is provided with working doors on one side and tappmg- 
hole at the end of the bed The gases evolved are used to warm the 
moulds before they are used. The charge is as follows : — 

460 kilos. No. I (coarsely broken). 

60 ,, „ II. (in powder). 

42 „ sulphate of soda. 

6 ,, charcoal dust. 

160 ,, unroasted ore 

Operation lasts ten hours , and a final slag is obtained by the addi- 
tion of 3*40 kilos of carbonate of potash, 2 60 kilos, of carbonate of 
soda^ 1 kilo of raw and 6 kiloB calcined crude regulus (liquated 
sulphide of antimony), 12 kilos, of the same slag from previous opera- 
tions. The impurities of refined antimony arc — 


As 0 880 per cent. 

Fe 0 062 „ 

Ag . 0*000 „ 

S . 0 720 „ 


According to Herrenschmidt, the following process is possible with 
the use of a water-jacket furnace. 



112 


THE METALLURGY OF ANTIMONY 


Balia, about tho size of an egg, are made of the following 
composition — 

The trionde . . .82 per cent. 

Carbon (anthracite or powdered oharooal) . 12 ,, 

Carbonate of soda 6 to 7 , , 

These balls are charged into the furnace with 5 to 20 per cent 
coke. The loss of oxide is about 33 per cent , which can be recovered 
from the condensing chambers, as shown m fig 45 

The metal thus obtained has to be re melted, either in a crucible 
or m a reverberatory furnace, for the purpose of 11 starring ” 

(c) Reduction in Crucibles — This method, on account of its high 
cost, is only adopted when the ores are rich oi when crude antimony 
or the volatile oxide is available The use of crucibles and pot 
fumaoes precludes the possibility of working large quantities 

The roasted ore is fused with 10 per cent of its weight of crude 
argol, or with charcoal or anthracite and potash or soda, in crucibles 
made of fire-clay, heated in a wind furnace or in a galley furnace 
The mould m which the melted metal is cast must be coated with 
tallow or with a thin layer of fire-clay cream 

According to Knab, we have the following — 

One oraoible contains 26 ‘5 lbs. of roasted oie, with 10 per cent, of charcoal 
and 7*16 per cent of salt or soda. 

Pots are arranged 10 or 12 m each furnace. 

Eaoli pot turns out 4 or 6 charges in 24 hours 
Consumption of ooal, 70 to 80 per cent, of weight of ore 
Life of each pot, 7 or 8 oharges 

A new process * ]ust discovered by Hcrrenschnudt consists of 
melting, in a crucible, balls of the following composition — 

Antimony oxide 
Powdered anthracite 
Carbonate of soda. 

Water 

The decided advantage of this process is that the “stainng” of 
the metal can be effected in a single operation. 

The furnace used is shown m fig 53 

2 Extraction of Metallic Antimony from Antimonium Crudum 
— This method is only applicable to nch ores and crude antimony 
The following process to be described involves the use of rich oie , if 
crude antimony is under consideration, the composition of the charge 

* The author ib under obligation not to give the details until the patent is 
taken. 
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should be adjusted accordingly. The fundamental principle involved 
in this method is that, when iron is added, the sulphur of the stibmte 
ore has more affinity for the iron, and consequently iron sulphide as 
formed, even at a comparatively low temperature, the antimony being 
separate^ out m the metallic state. Owing to the high specific gravity 
of the iron sulphide, it is difficult to completely separate it from the 
metallic antimony , and, for this reason, sodium sulphate and carbon 
are added in order to produce sodium sulphide, which, combining 
with the iron sidphide, forms a fusible slag of low specific gravity. 




Fio. 58. 

In England, instead of sodium sulphate and carbon, common salt is 
used As a rule, iron, in the form of turnings, shavings, or tin-plate 
cuttings, is used. The proportion of iron used must not be m any 
way too high, as, if sulphides of lead and arsenic are present m the 
ores, they will then be reduced by the exoess of iron, and enter into 
the antimony as impurities 

In most cases the theoretical proportion of iron required to 
desulphurise the antimony sulphide is not sufficient, because, when 
sodium sulphate and carbon are used, part of the iron is used in 
decomposing the sodium sulphate Accoidmg to Karsten, it has 
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been found by experiment that, with 10 per cent of Glauber salt 
and 2 to 3 per cent of coal, 44 per cent, of iron is required, 
whereas Liebig states that 42 per cent, is sufficient, while Henng 
uses only 40 per cent. The following proportions are given by 
Bertlner .—Antimony sulphide, 100 , forge scale, 60 , soda, 45 to 50 , 
coal dust, 10. Iron separates out as FeS, or as Fe 8 S 7 according to 
Schweder 

In England, where the ores used are free from the impurities of lead 
and arsenic, iron is generally used m excess, part being afterwards 
eliminated by a subsequent fusion with more Bulphide of antimony 

The loss of antimony occasioned during the process is due to 
volatilisation and slagging 64 per cent, is the yield, as given by 
Karsten, when crucibles are used ; but Berthier gives 65 to 67 per 
cent , whereas, theoretically, the yield should be 71 5 per cent. 

This process is generally earned out m crucible furnaces, as adopted 
in England, Hungary, and other places ; but shaft furnaces have been 
used experimentally ; reverberatory furnaces are sometimes used, m 
spite of the great loss of antimony. 

The English process * of smelting is aB follows • — 

The ores for smelting must be free from lead and arsenic The 
ore is ground under edge runners and passed through a coarse screen, 
the largest to pass through bemg the size of a hazel-nnt. Aftor grind- 
ing, a sample is taken to be assayed for the amount of iron The pro- 
cess consists m reducing the sulphide by metallio iron in crucibles in 
a long reverberatory furnace The dimensions of the furnace are . 54 
feet long, including the fireplaces, 7 feet 4 inches broad (inside size), 
covered by a low arch which springs almost from the surface of the 
ground, the bed itself being below the ground level. It is heated by 
a fireplace at each end, communicating into a common flue m the 
middle of the floor of the furnace. The crumbles are loweied into 
their places through circular holes (14 inches m diameter) in the arch 
Theie are forty-two holes, twenty-one on each side There are two 
4-mch holes in the furnace roof at each end of the bed, used for the 
removal of clinkers, etc. The sides and roof of the furnace aie coveied 
with cast-iron plates The pair of crucibles nearest the fireplaces at 
each end is kept for “starring” or refining the crude metal. The 
charge for each crucible is 42 lbs of ground ore, containing about 50 
percent of antimony, 16 lbs of iron, 4 lbs of common salt, and 1 lb 
of skimmmgs from the next opeiation, or else the same weight of 
impuie slag from a previous melting The iron usually consists of 

* Taken from “ Antimony, ” by Professor Kemp, The Mine) al Industry , 1892, 
p. 23 
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13 lbs, of wrought iron, but not cast non. Tinned scrap is preferred , 
and, if it is used, it is beaten up into a round ball, large enough to fit 
the top of the oruoible The remaining iron is in the form of turnings 
or bonngs, mixed with the ore together with the salt The mixture is 
dropped into the crucible through a funnel } the fumaoe hole is then 
closed for about half an hour, when the crucible is again examined 
The salt used assists the separation of the slag, and tends to promote 
the fusion of the siliceous matters of the ore. On an average four 
meltmgs can be made in each crucible per twelve hours ; the richer 
the ore is, the shorter is the time required. 

The crucibles used are generally 20 inches high and 11 inches 
outside across the mouth They are made of a mixture of good fire- 
clay and plumbago, whioh latter must be free from iron. The clay 
used has the following compositions . — 


Water, H a O 


Stourbridge. 

7-00 

Hexham 
7 44 

Silica, SiO fl 

, 

09-00 

59 05 

Alumina, Al a O B 


22 00 

26 61 

Protoxide of iron, ioO 


1 50 

2‘20 

Lime, CaO 

, 

0‘49 

0 88 

Magnesia, MgO 


0 54 

0 76 

Potash, K a O 

. 

0 41 

1 97 

Soda, Na^O 

. 

0*18 

0 28 

Titanio aoid, TiO s 


• 

1-68 



101-12 

99 71 


On the whole, the Stouibndge quality is the better of the two 

The crucible, when dry, weighs 42 lbs., of which 35 J lbs. are dry 
day, and the remaining 6 \ lbs. plumbago 

The mould, conical in shape, with a f-mch circular hole at the 
bottom, is placed opposite to each orucible. The metal thus obtained 
is known as “singles,” and contains 9T63 per cent, antimony, 7 23 
per cent, iron, 0-82 per cent, sulphur, and 0*32 per cent, insoluble 
matter. 

The next operation is to purify the “ singles ” with a small quantity 
of liquated sulphide of antimony The oharge for this second process 
is 84 lbs. of singles broken small, 7 to 8 lbs. of liquated sulphide of 
antimony, and 4 lbs of Balt The fusion is closely watohed, and 
great care must be taken that the metal and the sulphide mix 
together thoroughly The fused mass is stnred now and then 
with an iron rod, the time required for a oharge being about 
hours When fusion is complete, the slag and matte are ladled off 
with an iron spoon, and the contents of the crucible poured mto the 
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moulds used m the previous fusion ; the matte and skimmings are 
added to subsequent smeltings of ore. 

The metal thus obtained is known as “ star bowls,” and contains 
99*53 per cent antimony, 0*18 per cent iron, 0*16 per cent, 
sulphur. The presence of sulphur, due to the excess of sulphide 
used, is indicated by the crystalline pattern being covered 
over with small glistening patches ; this appearanoe is known 
as “flouring.” 

In order to remove this sulphur another fusion is necessary. The 
custom of the trade is to sell antimony as “ starred ” or crystallised 
on the upper surfaoe, and therefore it is necessary to obtain this Btar 
on the surfaoe. These two results are achieved by melting the metal 
with a peculiar flux known as the “ antimony flux,” a substance not 
easily prepared, and one whioh is often difficult to obtain at first , but 
onoe obtained, its subsequent production is easy. The process of 
making this flux is a rule-of-thumb one, and is corned out thus * — 
Three parts of ordinary Amenoan potash are melted in a crucible, 
and two parts of ground liquated sulphide of antimony are mixed in. 
When the mixture is complete and the fusion has become quiet, the 
mass is poured out and tned on a small scale m order to find out 
whether it yields a good “star”; if it does, the ingot of metal 
obtained is broken and the metal then examined, in order to judge 
whether it is free from sulphur. But if not, the flux is remelted 
and more of one ingredient or the other is added, as experience 
diotates 

The consumption of coal per week is 22 tons, or 1 J tons per shift 
of twelve hours About eleven crucibles are used per ton of antimony 
produoed. The loss amounts to 10 per cent , due to volatilisation 
The yield of suoh furnace, for ore containing 52 per cent, antimony, 
is 14£ tons per week. 

The fume given off is collected in condensing chambers. It is 
whitish in oolour, heavy and crystalline, appearing like arsenio, and 
contains 70 to 72£ per oent. of metallic antimony. 

The smelting of this fume is thus earned out . — A test experiment 
is made in order to ascertain the amount of carbon, m the form of 
1 coke or anthracite, necessary to reduce all the antimony present in 
the fume. This having been found, the fume is mixed by grinding 
it under edge runners with the proper quantity of carbonaceous 
mattes ; a few pounds of the mixture so produced are added to each 
charge of ore and iron required in smeltmg for singles As the 
gases given off m the process are apt to cause the mixture m the 
pots to overflow, the “boiling ore” is looked upon with disfavour 
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by the workmen The flues generally require cleaning four times 
a year 

In the process desonbed above, the first operation of smelting the 
ore with iron is called “ singling” the second operation, or resmeltmg 
the singles for the production of the bowl metal, is called ct doubli/ng” 
and the last operation is oalled “ refining ” or “frenohing ” 

On an average, one man oan smelt 10 to 11 cwts. of ore in twelve 
hours. It has been observed that a small quantity of the oxide 
mixed with the sulphide improves the appearance of the metal 
The following table shows the number of men required to work a 
furnace • — 


1 

Per Side of 

For the Whole 

Per 


the Furnace 

Furnace per 

Day of 


pel Shift, 

Shift, 

24 


12 Hours 

12 Hours. 

Hours. 

Firemen .... 

1 


4 

Furnaoemen 

4 

2 

16 

Refiners 


4 

Metal-breakers 


2 

4 

Ohaige mixer . 

Workers on day-shift only, viz \ j 


1 

2 

one smith, one boiler and engine- J- 
man, and three labourers J 


Total 

1 

5 

36 


At Magurka, m Hungary, the precipitation method was formerly 
in use; pot fumaoes and graphite crucibles were employed. The 
charges consisted of 20 to 22 lbs. of antimony sulphide, with iron, 
potash, and pan scale (from salt-works) There were only two 
operations in the process 

At Linz and Schleiz in Germany, and at Alais in France, reverbera- 
tory furnaces are still in use. There is a great loss due to volatilisation 
m these furnaces, and hence condensing flues are connected with 
the furnaces for the collecting of the metallic fume The bed must 
also be tight enough to prevent any loss due to leakage. 

According to M Herrensohmidt, it is better to cover the bed of 
the reverberatory furnace with a thin layer of regulus m order to 
prevent the corrosion of the scoria 

3. Direct Processes, i e Extraction of Metallic Antimony direct 
from the Ore — (a) Bath Furnaces — T C Sanderson has patented * a 
process for the smelting of antimony Bulphide in a hath of ferrous 

* Umled States patent No 714,040, Nov 18, 1902. 
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sulphide on the hearth of a reverberatory furnace After the hoi 
ore has been charged and thoroughly rabbled, iron is added, the 
temperature of the furnace raised, and, when the decomposition n 
complete, the antimony tapped , the tap-hole is closed as soon as the 
iron sulphide appears. Slag is drawn through the working doors 
and the increase of iron sulphide obtained during the operation it 
removed until the bath is reduced to its original depth. This method 
is said to have given good results, and has been m successfu 
operation for more than a year 

Cookson patented* in 1902 a process very similar to that o] 
Sanderson. In fact, Cookson’s and Sanderson’s patents are copies ol 
a similar patent by Herrenschmidt (No 296,200, Jan. 16, 1900 
France), shown m fig. 54 

(6) Water-jacket or Blast Furnaces — Henng has experimentec 
with shaft fumaoes for the treatment of liquation residues by th( 
precipitation method ‘Although his experiments have not beet 
contmued, yet good results might be obtained if rich ores wen 
treated 

According to Herrenschmidt, rich oie can be treated directly in i 
water-jacketed furnace Temperature = 1000° to 1100° C Air 
blasts 10 o. of mercury. About 12 to 14 per oent of antimony 
can be recovered from the condensing chambers Coke used = aboir 
300 kgs. per ton 

(c) Converters . — According to Germot, f Bulphide ore can be smoltec 
in a converter into which air is blown The air burns part of tin 
sulphur of the ore, with the production of sulphurous acid and tin 
metal itself. The operation is made continuous by the addition o 
more ore The sulphurous acid pioduoed escapes through a pipe a 
the upper part of the converter, together with the antimony sulphkh 
fumes If a current of air is made to act on these fumes, oxy sulphkh 
or antimony oxide will be produced, according to the amount of ai 
admitted 

The products of the extraction of crude antimony l are unrofmec 
antimony and slags The former contains many foreign elements, a 
shown in the analyses given in the table on p 120. 

This impure antimony has to be refined The slags obtained fron 

* French patent No 824,864, Sept 80, 1902. 

f A. Germot, Revue dea Produits Chimiques , Dec. 15, 1907 Similai to Hoiron 
Bohmidt’a French patent No 333,340, June 24, 1903 

I The term “ crude antimony, 1 ” meaning the uniefined motul, must be dn 
mgmBhed fiom the teim “ antinuny crude, ’ which means the liquated untunon 
sulphide 
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the extraction by the roasting and reduction method consist princi- 
pally of silioates, while those obtained by the precipitation method are 



silicates and sulphides They are thrown away if they aie not suffi- 
ciently rich to be used m tho fust smelting of the ores. 
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The by-products produced m all these processes are liquation 
residues, matte, slags, refinery slags, and flue dust They are added 
to the charges m smelting the ore, if they are sufficiently noh; 
the liquation drosB, however, is subjected to a preliminary roasting, 
and the flue dust is intimately mixed with lime, before smelting. 
Liquation residues are also sometimes treated separately m shaft 
furnaces, 


Method of extraction 

Furnace used 
Analyst 


1 2 . 

Piecipitation 

Reverberatory 

Helmhacker. 


3 4. 

^ - T s 

By i eduction of 
oxidised ores. 
Shaft furnace. 


5. 

From Fahl-ore- 
Bpiess desiivensed 
by amalgamation 
in the Stephan 
Works. 


Sb 

94 5 

84 0 

97 2 

95*0 

90*77 

S 

1 2 0 

6 0 

0 2 

0 75 

2*0 

Fe 

3 0 

10 0 

2 5 

4 0 


Oo 

Ni 

• 



} 

1 50 

Cu 

, , 




6*78 

As 

0 25 

1 0 

0 1 

0*25 

• • i 

Au . 

, . . traces 

, 

... 




4 Other Processes — (a) At the Stephan WorkB, m Upper Hungary, 
antimony is extracted from the spiess, which has been desiivensed 
by amalgamation The spiess is obtained fiom the smelting of fahl- 
ores The antimony is extracted by using pyntic ores in a shaft 
furnace The copper is thereby converted into sulphide by the 
sulphur of the pyntes, and the impure antimony ob tamed is rofined. 

(ft) Pelaton* smelts the following mixture in a reverberatory 
furnace : — 


Oxide of antimony . . 58 

Sulphide of antimony . , 40 

Goal . . ’ . . 7 


100 

It is only necessary to liquate the rich sulphide ore and to oxidise 
the poor sulphide ore m oidei to obtain the sulphide and the oxide 
required for the pioduotion of the metal Refining can be effected 
with an alkaline flux. 

(y) Basse patented f in 1907 the following process The advantages 
of this procoss are — 

* French patent No. 210,331, Dec. 19, 1890. 
f French patent No. 375,872, Maich 19, 1907, 



THE METALLURGY OF ANTIMONY. 


121 


(a) The suppression of any loss due to charging and to the 
activity of reaction. 

(5) The protection of the bed and the wall of the furnace. 

(c) The elimination of a great proportion of dirt and residues. 

(d) An increased yield of metal. 

The substances are mixed in the proper proportions, moulded into 
briquettes of a convenient size, dried, and charged into a reverberatory 
furnace for the production of the metal 

The ingredients forming the briquettes are mixed in the following 
proportions by weight : — 


(a) Oxide of antimony, powdered 

100 

Chaiooal, powdered 

16 

Dried carbonate of soda, powdered 

2 

Lime, powdered 

2 

Water . 

16 

(&) Sulphide of antimony, powdered . 

100 

Iron filings or shavings 

10 

Charcoal, powdered 

20 

Dried carbonate of soda, powdered 

2 

Lime, powdered 

2 

Water . 

16 

(c) Sulphide of antimony, powdered, or oxide of anti- 

mony, powdered 

35 

Antunonato of oxide of antimony 

60 

Iron filings oi shavings . 

8 

Charcoal 

20 

Carbonate of soda 

8 

Lime, powdered 

2 

Water 

16 

(S) The process * for the extraction of gold from antimony ore, as 

patented by M Herrensohmidt, is as follows — 

- 

This process is based upon the principle 

that, when antimony 

sulphide and the metal itself are melted 

together, the gold 

contained m the sulphide passes mto the 

metal. The direct 

use of the metal can be dispensed with by, for instance, meltmg 
antimony sulphide and antimony oxide together with coal. The 
metallic antimony formed m this reaction extracts the gold from 

the sulphide 


A mixture is made of the antimony ore or of antimony crude 

with the metal or its oxide, in such proportion 

as will yield one-tenth 


of the metal in the ore as charged into a reverberatoiy furnace, a 
rotatory furnace, or a cruoible The auriferous antimony thus 

* French patent No 350,013, June 23, 1904, 
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obtained oan be treated with bisulphide of sodium or bisulphide of 
oalcium ; or it oan be melted m a crucible with sufficient sulphur to 
oonvert nme-tenths of the metal into sulphide, while the remaining 
one-tenth contains all the gold. This alloy of antimony and gold 
can be treated with nitric acid so as to extract all the gold. 


II Extraction by Wet Methods. 

There have been many wet processes proposed for treating poor 
ores or liquation residues, but none have been practicable on a large 
scale. 

Haremann has devised a process of extracting antimony from 
antimomal lead ores by roasting the crushed ore with alkaline 
oarbonate and carbon. The result is a double sulphide of alkali 
and antimony, which, on being lixiviated, yields the precious 
metal and lead. The antimony is precipitated as a sulphide 
by the addition of an acid, preferably sulphurio acid, with the 
formation of an alkaline sulphate which can be recovered for 
future use 

1ST W Edwards proposes to treat gold- and silver-beanng antimony 
ores by lixiviation with a 7 per cent solution of calcium sulphide, 
preferably cold, in large vats provided with stirring apparatus 
The resulting reaction is that the antimony is dissolved as 
sulphide, while the gold is left behind with the residues The 
gold thus obtained can be recovered by any of the ordinary 
methods. The solution obtained above is then drawn off and 
is treated with oarbomc acid obtained by burning lime The 
calcium is precipitated, as carbonate, by the carbonic acid, and 
is filtered off. Upon the further treatment of the solution by 
carbomo acid, the antimony sulphide is finally precipitated. The 
hydrogen sulphide evolved during the reaction may he used tc 
regenerate calcium sulphide solution by bubblmg it through mills 
of lime. 

According to Hargreaves, finely powdered ore can be treated with 
hot hydrochloric acid. Lime is UBed to neutralise the solution, whicl 
ib then to be treated with zinc or iron for precipitation of tin. 
antimony The precipitated metal is to be washed successively wit! 
antimony chloride solution, hydrochloric acid, and water, and thei 
fused with potash in crucibles. 

Smith’s method is similar to the one just described 

Hering also proposos to treat liquation residues by hydrochloric 
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acid. The chloride thus formed m solution is treated with water, 
which precipitates it as basio chloride , the ohloride solution may he 
preoipitated by hydrogen sulphide 

Bud Koepp Co patented a process to use femo chloride as a 
solvent. 

SFejClg + SbgSg = 6 F 0 CJI 3 + 2Sb01g + Sg, 

This reaction goes on better m the presenoe of hydrochloric acid or 
haloid salts 

Mao Arthur’s process is as follows . — The ore is ground small enough 
to pass through 20-mesh, and is treated with a solution of sodium 
hydroxide of not more than 2 per cent, strength, at a temperature 
of 100° C The filtered solution is precipitated by carbon dioxide 
obtained fiom a lime-kiln The antimony precipitate obtained is in 
the form of a red amorphous sulphide, which ib collected in a filter- 
press, while the filtrate, containing sodium carbonate, is causticised 
by lime from the kiln, ready for further use. The process is there- 
fore continuous. 

Silver-bearing antimomal fahl-ores free from lime can be heated 
with Glauber salt and coal m order to convert the antimony mto 
the double sulphide of sodium and antimony. Sulphur dioxide may 
then be used to decompose the leached salt, with the formation of 
antimony sulphide and sodium thiosulphate, the former of whioh 
can be treated for antimony in the ordinary manner Any silver 
or copper m the ore would be left behind in the residues from the 
leaching process 

Of all the wet processes that have been pioposed to treat antimony 
ore, especially ore containing gold, that of M Herrensohnudt seems 
superior to all others for practical application on a large scale The 
following is a description of this process * . — 

(a) Concentration — The mineral, ground either m crushing or in 
ball mills, is allowed to pass through sieves, the dimension of whose 
mesh can only be determmed by successive trials With an endless 
belt concentrator, the following products are obtained — 

The concentrates , to be de-antimomsed. 

The mixed materials , to be passed back to the concentrator 

The tailings , to be i ejected. 

The concentrates consist principally of iron pyrite, mispiokel, and 
stibmte, as well as all the gold contained m the ore 

* Happortde MM relatan ct Ldiat , Ingdmeurs amis ties Mines , sur le Iraitement 
di'8 mincrms auro-antimomeux par le proetdd de M Hcirenschmidt Pans, 
1904 (pamphlet) 
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The following analyses refer to material from the mine La Lucette , 
the quantities are those yielded per ton — 


"Waste ground by 


Concentrates 
from Waste 


Cruslung Ball Sample Sample 

Mill. Mill. I II 


Mixed rn ! 
Materials. 


Antimony, kilos . 10 '9 9*5 114 1 97 6 14*6 6 1 

Gold, grammes . 6 6 84 214 1 traoes 


(S) The Treatment of the Concentrates — They are lixiviated m 
agitators with a solution of sodium sulphide The sulphide of 
antimony is dissolved as double sulphide of antimony and sodium, 
and the gold is left in the residues. 

The liquor thus obtained is heated with the sulphurous acid coming 
direct from the roasting of pyntic ores or of the sulphide of antimony, 
obtained m the same prooess from a previous treatment. The antimony 
sulphide thus precipitated has a red colour The gold residue can be 
treated in a reverberatory furnace m the presence of litharge. The 
gold can be extracted by oupellation or by oxidation with nitrate of soda 
The process is profitable with an ore containing . — 

Antimony, 4 per cent., or 40 kilos per ton. 

. Gold, 12 grms. per ton 

The profit is 21 frs per ton, after subtracting the expenses One 
ton of ore may cost only 6 frs. This result has been obtained at 
Genest (Mayenne), France 

Lyte proposes to roast antimony-bearing lead, Bilver, and copper 
ores m the presence of chlorides, to condense the antimony vapour 
m a solution of salt, and to precipitate the metal by iron or zinc. 
This process requires complicated condensing apparatus 
The Utah Antimony Company, of Garfield Co , Utah, has been able 
to obtain a concentrate containing 65 per cent, antimony from ore 
containing only 11 per cent, of that metal. The mill is capable of 
producmg 10 tons of concentrate per day 


III Extraction by Electrolytic Methods * 

It has been proposed to treat poor sulphide antimony ores, and the 
residue from the liquation of richer ores, with solutions of alkali- 

* Electric Smelting and Refining of Dr W Borchers, translated b) W G 
McMillan, pp 476-487 , London, C. Gnffin & Co,, 1904. 
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metal and alkaline-earth metal sulphides. The resulting, reaction is 
the production of a solution of soluble thio-antimonates, NagSbS 4 
or Ca a (SbS 4 ) 2 , and thio-antimonites, NagSbSg or Cag^bSg)^ These 
solutions can be electrolysed with the greatest ease. 

The results of the experiments made by Borohers in 1886 prove 
that antimony was deposited m equal quantity both from the thio- 
antimoniate and thio-antimomte If a sodium thio-antimonate 
solution be used, it is only necessary to add either sodium sulphide 
or sodium hydroxide, m such quantity that there is at least one 
atom of sodium for every atom of sulphur, in order to prevent the 
separation of sulphur at the anode In other words, the action takes 
plaoe best when three molecules of sodium sulphide (Na 2 S) are present 
for eaoh molecule of antimony sulphide (Sb 2 S 8 ). 

The relative distribution of the elements before and after the 
experiment is shown in the following table — 



Antimony. 

Sodium 

Sulphui. 

Oxygen. 

Before eleotiolyais— 

Kgrms 

Kgruis 

Kgtms 

Kgnn 

In form of Balts, etc. 

Afrer eleotiolyBis — 

In metallic form , 

In solution— 

2 440 

2*437 

1 840 

2 500 

0 020 

2 410 kgrm NaSH . 

... 

0 990 

% 1 877 


1 202 „ NasjSa 

,, 

o-r.03 

0-699 


1-491 „ NarjSaOg + BH^O 

•• 

0 275 

0*884 

0 288 


2-487 

1-708 

2-460 

0-288 


The loss of antimony (3 grms ) is so Bmall that the precipitation 
may be considered as practically quantitative The loss of sodium 
and sulphur is due to the fact that the solution clinging to the 
antimony after the powder had been removed was not added to the 
rest of the liquid. 

The experiments, as oarried out by Borchers, also show a peouliar 
fact, that with the same expenditure of current the same quantity of 
antimony is deposited, whether it exists m the solution as the 
tnvalent or as the pentavalent antimony. 

Practical Worhing of the Electrolytic Process — The sodium sulphide 
solution in the comoal iron vessels (figs 65-58, a) is treated and 
agitated by means of steam introduced through the steam-pipe h As 
soon as the solution is boiling, the finely divided ore is sprinkled mto 
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it The presence of sodium hydrosulphide or of poly sulphides is not 
objeotionable so long as the proper proportion of sulphur to sodium is 
kept (by the addition of soda) , that is, every atom of oxidisable sulphur 
must be accompanied by an atom of sodium capable of neutralisation. 

Antimony glance is beBt suited for the treatment. For eaoh 
molecule of antimony trisulphide there should be present m the 
solution three molecules of sodium sulphide ; and after the extraction 
is complete the concentration should not exceed 12° Baum6 (or 9° to 
10°, if hot) To the electrolyte should be added 3 per cent of 
oommon salt, which not only assists the clearing of the solution by 
the separation of dissolved sulphide of iron, but also reduces the 
electrical resistance of the solution. 

Aifter the ore has been added the whole mass is stirred thoroughly 



Fig. 57 


by a current of injeoted steam for an hour or longer Air is admitted 
from time to time through c on the steam-pipe 5. 

After two or three hours, when the mass has been sufficiently 
heated and stirred, and the msoluble portion of the charge has 
settled, the clear solution is drawn off, /, mto the leaching vessel, g , 
from which it is pumped through the pipe b and the channel % to the 
reservoir It The bell-shaped siphon arrangement, c?, is used to 
ensure that only the dear liquor is drawn off From the reservoir, 
the liquor is allowed to flow thiough successive electrolyte tanks, l ; 
finally, after being exhausted of its antimony, it flows through the 
channel m into the tank n, from which it may be raised for further 
circulation, or may bo pumped to another part of the works for the 
recovery of the thiosulphate, sulphur, or sodium chloride 

The residues from the first extraction are treated with fresh 
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sodium sulphide solution and then boiled repeatedly with water; 
they are then allowed to pass through o into the filter p, where 
they are washed again with hot water The wash-waters collected 
in the holder % are used again for washing other residues Such a 
plant can extract 6 to 8 owts. of antimony from its ores containing 
less than 10 per cent, of the metal m twelve hours 

Figs. 67 and 68 show the arrangement of the electrolytic baths on 
a large Beale. A are the anodes, K the cathodes, which are hung m 
iron baths, The cathodes are of sheet-iron and bolted on to the 
rails T, and rest directly upon the run of the baths, so that the 
baths also serve as cathodes The anodes are plates of lead suspended 



Fig 58. 


from iron rails, resting upon the positive leads, which are isolated by 
resting on the wooden bars J The electrolyto is fed thiough the 
three-way cook D under the bath, smoe it becomes less dense as the 
antimony is removed. The outlet is through G by means of the 
rubber pipes S into the next bath. In order to effeot an even distribu- 
tion of the moommg electrolyte, a plate, V, is riveted upon and along 
the bottom of the bath, over this plate is another one, U, which 
is so attaohed that there is a little space between the two, the two 
thus forming a channel. 

With concentrated solutions eleotrolysis may be commenced with 
a current of 100 to 160 amperes per square metre (0 064 to 0 1 
ampere per square inch), which may gradually be i educed to 40 or 45 
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amperes (0 026 to 0 03 ampere per square inch) The necessary 
E M F is about 2 volts per bath 

The metal thus obtained is in the pulverulent form or in lustious 
scales, according to the density of the current used 

Koepp's method is to treat antimony sulphide with ferric chloride, 
thus . — 

6FeCl 8 + SbgSjj — - SFoOlg + 2Sb01g S 8 . 

The solution is eleotrolysed at a temperature of 50° 0 between 
lead plates. Antimony is deposited upon the cathode and feme 
chloride upon the anode. The ourrent used is 3*7 amperes per 
square foot. The use of chlorides as electrolytes precludes the possi- 
bility of the process becoming practical. 

Siemens and Halske use as solvent either the sulphides, hydro- 
sulphides, or polysulphides of the alkalis When the finely ground 
ore is thus lixiviated, a double salt ib formed, e.g with NaHS : — 

SbjSg + 6NaHS = Sb a S 8 . 81^ + 8HaS. 

The liquor is then led into the cathode division of a bath The 
bath is divided up by diaphragms into series of anodes and cathodes , 
the former are made of carbon or platinum, and are closed and made 
gas-tight ; the latter are made of copper or antimony plates. The 
reaction at the cathode end is as follows — 

Sb a S 8 . SNa^S + 6H = 2Sb + 6NaHS. 

In this way, not only is metallic antimony obtained, but also the 
NaHS solution is regenerated and used to dissolve more of the sulphide 

Another process by Siemens is to electrolyse a solution of the 
double salt formed by treating antimony sulphide with sulph-hydrate 
of calcium, barium, strontium, or magnesium Without the use 
of diaphragms, the hydrogen liberated at the cathode end oombmes 
with the sulphur of antimony sulphide, and the antimony is deposited, 
while at the same moment the sulph-hydrates of other metals are 
formed, to be m turn converted into diBulphides by the oxygen 
developed in the reaction 

These disulphides are tieated with carbon dioxide, obtained by 
heating a mixture of the carbonates and sulphur, the result being 
the formation of the carbonates of caloium, banum, stiontium, 
and magnesium, Bulphur and hydrogen sulphide These, with 
the exception of the hydrogen sulphide evolved, are heated m 
the absence of air, when carbon dioxide and the caustic alkaline 
earths are formed The carbon dioxide is used to decompose di- 
sulphide solutions, and the basic oxides are treated with the hydrogen 

9 
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evolved in the above reaction, m order to produce fresh quantities c 
the sulph-hydrate solution 

Izart describes a process for the extraction of antimony by dissolvm, 
antimony ores with sodium sulphide. The solution is electrolysed m 
vat divided, by a diaphragm, into a cathode compartment, into whio 
the solution is put, and an anode compartment, which is filled with a 1 
per cent, caustic soda solution Sufficient ammonium chloride is adde 
to the soda solution a a will raise its specific gravity to that of th 
antimony solution. At Cassagnes, France, the process yielded 
lustrous scaly deposit of metallic antimony ■ the current density wa 
0 8 ampere per Bquare decimetre , the E M.F , 1 6 volts , the yielc 
76 per cent ; the output per kilowatt, 0*55 kg. antimony, which wa 
finally raised to 0 621 kg. 

At Lixa, near Oporto, Portugal, the following process, for th 
extraction of both antimony and gold from impure antimony, ha 
been tried, and was finally given up on account of high workm 
cost — Plates of the impure antimony were used as anodes, while th 
electrolyte was a solution of antimony trichloride, made by dissolvm 
the tnohloride m a concentrated solution of salt, potassium chloride 
or ammonium chloride strongly acidified with hydrochloric acic 
When current was passed, the antimony dissolved out from the anod 
was deposited on the cathode ; while the gold, in the form of fin 
powder, fell to the bottom of the cell. 

In Sanderson’s process, a solution of butter of antimony, m a ver 
concentrated solution of sodium, potassium, or ammonium, aoidifie 
with hydrochlono acid, is used as an electrolyte, m which are sui 
pended antimony anode plates containing gold When a ourrent : 
passed, the antimony is deposited on the cathode and the gol 
particles fall to the bottom of the vat This process is too costly 
moreover, a chlonde solution can never afford a good deposit 

Betts, at a meetmg of the American Electro-chemical Society 
September 18, 1905, stated that an aoid ferric chlonde solution attach 
stibnite with ease, producing a solution of ferrous and antimonioi 
ohlorides and a residue of sulphur , from this solution metallic ant 
mony and ferrous ohlonde can be recovered eleotrolytically 

IY. Refining of Antimony. 

Unrefined antimony, as already stated, usually contains Bulphu 
iron, arsenic and copper, and frequently lead These impuritie, 
with the exception of lead, can be eliminated partly by oxidising an 
slagging agents, partly by sulphurising agents, and partly b 
ohlonnating agents Soda or potash or antimony glass (antimony 0x3 
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sulphide) removes sulphui by fusion, and converts arsenic into arseniate 
of soda or potash. The conversion of copper and iron into their 
sulphides by sulphide of antimony can be facilitated by the addition of 
soda or potash, or of Glauber salt and charcoal. These sulphides form 
a slag with the sulphide of sodium produced from the reduction of the 
Glauber Balt, and with the soda or potash present These sulphides 
are easily removed by antimony glass. 

The use of common salt, oamalhte, or magnesium chloride to 
volatilise some of the foreign metals present as chlorides, and to slag 
others, may also occasion great loss of metal due to volatilisation. 

As lead can easily be separated from its oxide or sulphide by 
metallic antimony, the above-mentioned methods are ineffective for 
its elimination. It can, however, only partially be eliminated by 
chlondising, which, as previously hinted, causes great loss due to 
volatilisation. Mitscherlioh suggested that the elimination of lead 
should be effected before the smelting of antimony sulphide by 
the addition of 4 per cent of iron, which removes all the lead and a 
comparatively small amount of antimony 

In commeroe, the purity of antimony regulus is judged by the 
appearance of the fem-like “ star” on its surface. 

If the metal is impure, or if the pure metal has been exposed 
during sohdihcation, or if the slag covering sets before the metal does, 
or if a trace of undeoomposed slag or potash comes into contaot with 
the surface, the charaot eristic fern-like structure is not exhibited. 

1. Refining in Pot Furnaces — This kind of furnace is, or has 
been, m use at Septknes m France, m England, and at Oakland m 
California. The fuel consumption is great, and therefore it is 
advisable to use it for small quantities only. 

At Septfemes the furnace held tihnty crucibles, the shape of the 
furnace bemg that of a barrel out lengthwise through the middle 
Its dimensions were : — 


Length . . • . . . • ■ 

Breadth across eaoh end 

Breadth in the middle 

The bed was 6 inches lower than the bridge 

The height of tho loof above the budge 

,, ,, „ the middle of the bed . 

,, ,, ,, the end where the flue left the 

furnace 

Length of fireplace 

Breadth ,, ,, . 

Depth ,, „ from roof to bars 

Width of working door in the longer front Bide 


7 feet. 


8 inches. 

1 foot 0 inches 

10 inoheB. 

6 feet 

1 foot 8 inches. 

1 m 4 „ 

1 „ 8 „ 
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The cruoibles were made of fire-clay, and could stand five or six 
charges each, each charge being 48*5 lbs of impure antimony 
To each charge were added 13 to 17 lbs of flux, whioh was a 
mixture of sulphate and carbonate of soda, with a little salt 
and pure oxidised antimony ores. The fusion lasted six hours, 
with a consumption of 450 to 550 lbs. of coal. A low red heat 
is necessary. 

In England the process of refining and restar ring the stai -bowls 
is as follows : — The lumps of metal, when cold, are removed from the 
mould and are thoroughly cleaned from the adhering skm of slag by 
chipping with sharp hammers, this part of the work bemg sometimes 
done by women. Unless this cleaning process is carefully done, it ib 
well-mgh impossible to obtain good stars on the finished metal The 
ohippmgs are returned to the second smelting. Having been cleaned, 
the star-bowls are broken small. The charge made is about 84 lbs , 
together with enough flux to surround the ingots completely, the 
quantity is generally 8 lbs. for ingots of the ordinary shape. The 
melting takes place in the cruoibles standing close to the fireplaces, 
where the fusion is most rapid. The metal is charged first and is 
closely watohed ; as soon as it begins to melt, the flux is added ; 
and as soon as the fusion appears to be complete the fumaoe-man 
stirs the mixture once round only with an iron rod, and the chaige 
is then poured out. The flux is used over and over again, being 
regenerated by the addition of carbonate of potaBh. The ingots 
must be completely surrounded by the flux ; there must be a thin 
layer of it between the mould and the metal, and also the whole 
surfaoe of the mgot must be covered by the flux to a depth of 
a quarter of an inch. Any traces of the flux still adhering to the 
mgot are removed by washing m warm water, with the assistance 
of a little sharp sand. 

For a charge of 60 to 70 lbs. of bowl-metal, with 1 to 2 lbs. 
Amenoan potash and 10 lbs. of slag, obtained from a previous 
oharge of Frenoh metal, the time required is three-quarters of 
an hour 

The slag obtained shows whether the operation is complete or not. 
It should be smooth and of a deep black colour. 

The process of refining as practised m Tuscany is as follows : — The 
broken-up impure metal is mixed with one-eighth by weight of car 
bonate of soda, and one-sixth by weight of sulphide of antimony 
This mixture is placed in a Hesse crucible The metallic buttoi 
thus obtained ib again fused with carbonate of soda and a little 
nitrate of potash 



THE METALLURGY OF ANTIMONY. 


133 


2. Refining in Reverberatory Furnaces — Reverberatory furnace? 
re, or were, used at Milleschau, at Bdnya, at Siena, and at 
akland The bed of the furnace should be tight, and should 
e made of materials oapable of resisting the action of the fused 
Lkalies used. The best material is partly weathered granite, 
ewly out stone bemg unfavourable. A mixture of burnt and 
iw clay can be used, if such stone is not available. In this case 
le mixture should be rammed hard into an iron pan 
Figs. 59, 60, 61 show the construction of a furnace of this kind 
3 built by Hermg at Milleschau and as recommended by Helmhaoker 



Fig 60 — Seotion E F 

The followmg is a descuption of figs. 59, 60, 61 . — 

y, Bed of granite block. 

c, Three iron rollers carrying the granite. 

/, Throe railway bars for the rollers 

d } A depression or sump in the bed,.m which the antimony collects 
id from which it can be ladled 

b, Working door ; to facilitate working, the later patterns of furnace 
c provided with two doors, one on each side of the flue end of the 
Lmace ; one bemg used for drawing the slag, the other for ladling 
it the metal and charging. 

A vertical channel inside the fire-bndge, for preheating the air, 
id thereby aiding the combustion of the fire gases The air- 
irrent admitted into these vertical channels is regulated by a 
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horizontal flue running through the bridge lengthwise, the flue being 
provided with a slide, and the chimney with a damper The oharge 
for a furnace of such dimensions is 1200 to 1500 lbs., exclusive of 
the fluxes. 



Fig. 00 — Section CD. 

At Bdnya the bed is built of fire-clay 1 1 inches thick, well rammed 
into an iron box 13 feet long by 8 feet 2 inches wide A oharge 
consists of 10 cwts. only of the unrefined metal. 



Fig 61 — Sectien A B 1 metre = 8 '28 feet. 

At Millesohau, where the above-described furnace is m use, the 
very impure antimony is refined first by soda and then by antimony 
glass, while the purer sorts are refined by antimony glass alone 
The tetroxide of antimony used in making antimony glaBS is 
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obtained m the form of crusts, formed in the hottest part of the 
chimney. 

According to Helmhacker, the refining process is as follows • — 

Twelve hundred to 1500 lbs. of impure antimony are charged into 
the furnace, previously heated to a red heat. As Boon as the metal 
is melted, generally in less than half an hour, 3 to 7 per cent, 
of soda, with which is mixed a little coke-dust or fine charcoal, is 
added, according to the purity of the metal. After this the heat is 
raised to bright redness m order to fuse the soda. During the 
charging and the fuBion, vapour of antimonious and arsemous oxides 
is given off. 

The slag gradually becomes thicker and thicker, and consequently, 
after about three hours, the bubbles, which at first were numerous, 
rise very slowly through the slag. The slag is then very carefully 
skimmed off through the working door 

Up to this point the iron and sulphur persist as impurities m 
the metal. They are removed by adding ingredients capable of 
forming antimony glass, such as oxysulphide of antimony For each 
100 lbs of antimony m the charge, 3 lbs of liquated sulphide of 
antimony and lbs of antimony tetroxide are thrown in, and, as 
soon as these are fused, 4^ lbs. more of potash or white flux are added. 

Care must be taken that the bath of metal is completely covered 
with the fluxes 

The metal can be ladled out at the end of a quarter of an hour, 
but this must be done cautiously, m order to secure the starred 
appearance of the ingots When cold, the slag covering the ingots 
can be broken off by means of a hammer. 

Three charges of 1300 to 1500 lbs each can be refined in one of 
these furnaces in twenty-four hours, with a consumption of 1300 lbs 
of coal. 

The slag obtained m the final process of refining is called star slag , 
which consists principally of antimony glass, and contains from 20 
to 60 per cent, of antimony ; it is generally used over again for 
refining When it becomes too impure for this purpose, it is charged 
along with the ore for the first smelting The other slags obtained 
m the oourse of refining are also added to the charges of ore for 
smelting The impurities found in the star slag are sulphides of non 
and mckel, iron oxides and silica 

The loss due to volatilisation amounts to 20-30 per cent Tho 
flue dust consists principally of the trioxide and tetroxide The cost 
of refining is said to be 2^ to 3 marks per 100 kilos, (i e. Is. 3d 
to Is. 7d per owt ) 
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At B&nya the data are : — 

Charge for the furnace, impure antimony (high grade, 8b =90 per oent. ) 990 lba. 

„ „ „ „ (low grade, Sb=74 „ ) 110 „ 

Sodium Bulphate added ... . . . 92 6 ,, 

Powdered oharcoal ... .... 11 ,, 

Raw ore ... ... .... 830 ,, 

After tea hours the slag is drawn off, and the materials to form the 
star slag are added . — 2 2 lbs. of crude antimony, 13*2 lbs of roasted 
sulphide of antimony, 7 5 lbs of potash, and 5 '7 lbs. of soda ash Tho 
following gives the analysis of the impurities found in the refined 
star antimony thus obtained : — 


Arsenic .... 

. 0‘880 per cent. 

Iron 

. 0-052 „ 

Silver .... 

. 0 008 „ 

Sulphur .... 

0-720 „ 

Total 

1-108 

At Siena, where the unrefined metal 
shows the proportions m 260 oharges 

is less impure, the following 

Unrefined metal 

116,266 lba. 

Salt . .... 

27,229 „ 

RoaBted ore . . 

707 „ 

Refinery slag .... 

12,649 „ 


Refined antimony obtained, 107,697 lbs , which is equal to 93 5 poi 
cent. 

Antimony contains small quantities of iron, lead, sulphur, arsenic 
etc., as impurities. 

In order to produce an almost absolutely pure antimony, Liobig’e 
process may be used. Mix powdered antimony with one-eighth of itE 
weight of carbonate of sodium and one-sixteenth of its weight o 
sulphide of antimony, and heat the mature in a Hesse cruoible. Th( 
button thus obtained is submitted to another fusion with carbonate o 
sodium only for two hours, and to a third fusion with a mixture o 
carbonate of sodium to which a small quantity of potassium nitrate hai 
been added. In these operations the sulphur of the antimony sulphidt 
transforms the foreign metals present, except lead, into sulphides 
which remain in solution in the scoria , the arsenic compounds pasi 
in part to the sulpho-arsenate of soda and in part to tho state o 
arsenate. The addition of potassium nitrate removes the last trac« 
of arsenic by .converting it into arsenate of soda. 

The Products of Refining. — The products of refining are refinot 
antimony, slag and star slag 
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(a) Refined Antimony , — The composition of the metals taken from 
different sources can be seen from the following table : — 



I. 

II. 

III. 

IY. 

V. 

VI. 


i Lipto Szh, \ 



( Samples for tenders at } 

Source 

4 Miklos, j- 

California 

4 the Royal Docks at \ 


[ Hungary. J 



J. ‘Wilhelinshaven 

J 

Analyst . 

Hirzel. 

Booth, Garret, Blair' 


Himly 


Sb 

08 27 

98 84 

99*081 

98*98 

98*81 

98*87 

Cu . 

0*64 

0 021 

0*062 

0*01 

0*02 

0 02 

Fe . 

0 68 

0 144 

0 039 

0*85 

0*34 

0 16 

Pb . 

, 

0 410 

0*638 

0*84 

0*84 

0 78 

As > • 


1 008 

0*086 

0*09 

0*86 

0*09 

Bi 

0-83 




, 


S . 

... 

0*064 

0 254 

0*28 

0*12 

0 11 

0o\ 

NiJ* 

... 

0 018 

trace. 

•* 


• 


(J3) Refinery slag generally contains from 20 to 60 per cent of 
antimony, and is a mixture of soda, sodium sulphantimomate, 
antimony trioxide and tetroxide, ferrous oxide, iron sulphide, arsenic 
oxide, and smaller proportions of silica and alumina , it is added to 
charges of ore. 

(y) Star dag consists essentially of antimony glass, and is used 
repeatedly until it becomes too poor and impure ; it is then added to 
charges of ore. 
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CHAPTER VI. 


THE ANTIMONY PREPARATIONS AND THEIR USES. 

The principal uses of antimony, arranged in the order of import- 
ance, are as follows • — 

1. Alloys. 

2. Pigments and paints 
3 Medicine 

4. Colouring matter in glass-making and in the prepaiation 

of artificial gems 

5. Colouring matter in pottery-making 

6 Colouring matter for the manufacture of cloth and paper. 

7. Mordants 

8. Corrosive for dyeing 
9 Vulcanising rubber 

10. Coating articles 

11. For tbe manufacture of aniline yellow and aniline red. 

12. For the fabrication of dice-boxes, for the cartridges of the 

new firearms, and other objects, for artillery uses. 

13 Miscellaneous uses 

We shall now take up the treatment of each in the order given 

1. Alloys. 

The principal alloys of antimony are : — 

(a) Britannia metal. 

(b) Bearing or anti-fnotion metal. 

(c) Type-metal. 

(d) Hard lead 

(e) Others of less importance 

(a) Britannia Metal — This alloy is generally used to make spoons, 
cans, articles of luxury, eto It is practically an alloy of tin and 

146 10 
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antimony, in variable proportions, with smaller quantities of copper, 
zinc, lead, bismuth, or other metals. 

The following table, according to Long, shows the variation of the 
properties of the alloys of tin and antimony, as different proportions 
of the two are taken — 


Composition of Alloys. 


Speoiflo Gravity 


Diffeienoe 

Sb - Sn - iwitB Found - 0alculated 

Expansion. Contraction. 


[ 

i 


100*0 

# 

Sb 

6-713 




92*6 

7 4 

Sb 12 Sn 

6739 

0*752 

0 

013 

89-2 

10*8 

Sb 8 Sn 

6 747 

0 770 

0 

023 

88 1 

11-9 

Sb 4 Sn 

6-781 

0 817 

0 

036 

67 7 

82*8 

SbaSn 

6-844 

6 889 

0 

045 

51-4 

48*6 

SbSn 

6 929 

6 684 

0 

055 

84‘5 

65*5 

SbSn a 

7*023 

7*082 

0 

069 

26-0 

74-0 

SbSn a 

7-100 

7 133 

0 

033 

17 4 

82 6 

SbSn B 

7 140 

7 180 

* 0 

■046 

9 5 

90 5 

SbSn 10 

7 208 

7-234 

0 

026 

5*0 

95*0 

SbSnaj 

7 270 

7 202 



2*1 

97*9 

SbS» 80 

7-279 

7 281 

0 

002 

1*0 

99 0 

SbSn 10O 

7*284 

7*287 

0 

003 

.. 

100-0 

Sn 

7*294 



>M 


The addition of antimony to tin gives an alloy that possesses a 
silver-white appearance, and whose molting point is higher, and hard- 
nesB greater, than the corresponding quantities of tin alone. The 
brittleness increases and the malleability decreases as the proportion 
of an t im ony increases. An alloy consisting of 80 per cent tin and 
20 per cent, antimony is sufficiently malleable to bo hamnaered and 
rolled m the cold It is by keeping close to this proportion that the 
best alloys of tin and antimony, for making pots and engravers' 
plates, are obtained According to Chaudet, 10 parts of tin to 1 
part of antimony form a perfectly ductile alloy. 

The alloy is white in colour, with a bluish tint, and takes a high 
polish The amount of copper used must always be limited, as it 
tends to give a yellowish tint to the appearance and diminishes its 
fusibility. Good alloys show a fine-grained, jagged fracture, and if 
it exhibits a crystalline structure, they eithei contain too much 
antimony, or the union among the constituents is not intimate enough, 
thus necessitating their remelting Iron and zinc are objectionable, 
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aa they increase the hardness and brittleness lead is advantageous 
m cast work by making the alloy more fusible, but it impairs the 
colour and lustre. Arsenic induces brittleness, even in small 
quantities 

The essential point in the preparation of Britannia metal is to 
make the tm harder, tougher, more sonorous, and more easily polished. 
The alloy gives castings as fine and sharp as those made with the 
most fluid alloys of tin and lead, copper and zinc, etc. It acquires a 
finer polish than alloys of tin and lead, as the latter are too soft to 
sustain the aotion of emery and other polishing materials. Bismuth 
increases the fusibility. 

The best way to prepare the alloy is to melt the copper first, then 
to add the antimony with a portion of the tm, and finally the re- 
maining tin. 

Dr Karmarsh states that Britannia metal, when subjected to 
rolling, has its specific gravity diminished. He explains this by 
saying that the particles, under the pressure of the rolls, have a 
tendency to become separated 

The following is a list of the principal alloys of tin and antimony 
in commercial use — 



Tin. 

Anti- 

mony. 

Copper. 

Zmo 

ninth. Lead 

Other 

Metals 

English metal 

94 

5 

1 




(Britannia metal) 








90 

6 

2 


2 


ii 

90 

7 

8 


, 

... 

1* 

89*3 

7 

1*8 


1*8 

, 

i> 

86 47 

9 66 

1 81 

8 06 



ii 

86 

5 

8 6 

1 6 

6 

, 

1 1 

80 

10 

9 


1 


,, (Hobson). 

109 lbs 

76 

9 lbs 

8 lbs 


8 8*6 

S oz 
man- 
ganese 

II 1 

8*6 



„ (sheet) 1 

90 6 

7 8 

1*6 




n (cast) 

90 e 

9 2 

0 2 



M| 

Queen’s metal 

504-76* 

161-8* 



16J-8 164-8 


ii 

88 6 

7*1 

8 6 

0*9 

( 

,, or pewter 

88*6 

7 

8 6 


1* 


English Tutama 

25 

25 

, , 

# 

26 

biass 25 

German „ , 

7 

92 

1 

« • « 

t 


Engestrum ,, 

7 

62 

81 




Asnberry metal . 

80 

14 

2 

1 

t#a 

nickel 8 

i» • 

79 

16 

8 

2 

• « • 

1 

i> ■ 

77*08 

19*40 


2 80 

i m 

# ( 

Mmofei 

68 5 

18 2 

8*8 

10 
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1 



Tin 

Anti- 

mony 

Copper. 

Zino 

Bib- 

muth 

T..j Other 
Lead - Metals. 

German metal . 

72 

24 

4 




|| a 

84 

9 

2 

5 



SI 1 

20 

84 

10 

6 

iit 

, 

Lega per vasellame 
di Btagno 

Metallo argentmo 

90 

9 

1 



... 

84 44 

14*5 




0 06 

di Pangi 

Britannia metal . 

85 7 

10*4 

1 0 

2 9 



II • 

81*9 

16*2 


1*9 


... 

Plate pewter 

89-3 

7*1 

1 8 


1 8 

, 

MAtal argentm 
Potene attain dee 

85 5 

14 6 




M 

90 

9 

1 



. i. 

ouvners de Pans 
M6tal du prince 

84*75 

15 25 





Robert for covers 
English pewter for 

89*42 

7 16 

3 54 

0 88 



dnnking-cups 
Queen’s metal for 

78*36 

8*88 



8*88 

8 88 

English tea-pots 
Complex English 

87 

6 

2 

nickel 

0 6 

tungs- brass 1 

metal 




2 


ton 1 5 

Britannia ware 

3J parts 

28 

8 paits 



brass 

made m Sheffield 

parts 




8 parts 

Eor plugs of stop- 1 
cooks 

80 

20 



• 

Eor Beats of stop- 

86 

14 

, 


, 

, 

cocks 

Algiers metal 

90 

10 





9 » 

75 

25 



... 

. . 


(b) Bearing or Anti-friction Metal — This is sometimes known as 
white metal. This metal is generally an alloy of tin, antimony, and 
copper ; but rarely it is composed of lead, antimony, and tin, or of 
zinc, antimony, and tin ; or still more rarely of lead, zmc, and tin, or 
of zinc, tin, and copper, etc. 

There are two kinds of bearings • one for heavy loads and a large 
number of revolutions, and the other for light loads and a small 
number of revolutions The former require the use of red brass, 
the latter, that of white metal. 

White metal enables the axle to run with extreme smoothness. Its 
hardness depends upon the amount of oopper content. 

The following is a list of the principal varieties of white metal, 
as used in industries : — 
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i 

Tm Ant Coppei Zinc Iron Lead. 


English, for heavy loads . 

,, medium ,, . 

>3 I) II ■ 

For mills 
,, heavy axles 

it ii • 

,, rapidly revolving axles 
Bearings of great hardness 

ii ii 

Bearings (cheap)* 
n 

Bavana, durable cold running . 
AuBtnan Govt railroad . 
Distributing slide valves . 

© r Westphalia Bahn 
£ Magdeburg - Halber- 
2 standter 

Saarbruoken . 

Bergisoh* Markisohe 
Diverse Bahnen (recom- 

J >> " mended) 
o ^ Magdeburg-Leipziger 
<5 Rhemiache 
g Ostbahn 

S Herlin-Hamburger 

” * Oppeln-Tarnowitz 

' Car-box metal 
Anti-fhction metal . 
Amerioan ,, ,, 

Magnolia metal 


lit 1 
III!’ . 

Babbitt’s anti-friction metal f 
Ongmal Babbitt metal 


17*47 

76-7 15-5 

72-0 26 0 
16 

72-7 18 2 

88 6 

17 77 

6 

12 82 

2 2 

1 5 1-6 

90 8 

90 7 

83 2 11 2 

82 11 

74 16 

85 10 

80 12 

85 10 

91 6 

82 12 

16 

20 20 

42 16 

14 88 
11-98 
... 19 60 

. . 16 45 

5 15 

88 3 8 3 

89 7 8 


5'62 70 14 

7-8 

20 

8 40 

9-1 

1 47 
6 

2 5 

4 2 

8 88 

7 90 

2 

3 

6 6 

7 

11 

5 

8 

5 

3 

6 


trace 

0-98 

bismuth trace 
trace 

8 3 
37 


42 ' 
4 


70 


84 

60 

42 

0 61 84-38 

88 32 
0 65 78 44 
trace 83 55 

... 80 


(c) Type-metal. — It is essentially an alloy of lead, antimony, and 
tin, with, occasionally, the addition of copper. One way of manu- 
facturing the alloy is as follows — Heat strongly 2 kilos, of tin m a 


* Siemens and Halske, equal parts of zinc and cadmium and 10 per cent. Sb. 
f It can be made thus • — Melt separately 4 parts of oopper, 12 parts of Banoa tm, 
and 8 parts of antimony regulus, and, after fusion, add 12 parts of tin. The 
antimony is added to the first portion of the tm after its fusion, and the oopper is 
introduced after the vessel is taken off the fire and before its content is poured 
out The ohargo is kept from oxidation by a layer of powdered oharooal. A small 
}>ercentage of aluminium added to the mixture gives a good result 
The German Babbitt metal is somewhat harder than that used in the United 
States, and for some uses is probably too hard Many railroad companies m the 
United States buy a hard Babbitt metal and reduoe it with pure tm to suit various 
requirements, c.g . — 

Gorman railway speclmon , . 88 3 tin. 11*1 Sb. 6 -6 On. 


U 8 


88 9 


7 4 


37 


n 
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oruoible, and, after its fusion, add 1 kilo of copper, in shreds of plate, 
5 kilos of lead, and finally, after strong heating, 2 kilos, of antimony. 
Add to this mixture 1 kilo of common type-metal (made from 25 
kilos, of lead and 5 kilos of antimony). 

The following is a list of the common type-metals * — 



Lead 

Antimony. 

Tin 

Ooppei 

Type-metal 

55 

30 

15 


* i • • 

i 60 

25 

16 


n • ■ 

70 

18 

10 

2 

ii ... 

82 

14 8 

8 2 


u • • 

65 

22 7 

22 1 

f 

»i • • 

61 8 

18 8 

20 2 


>i • • < 

69 2 

19 6 

6 1 

1 7 

ii • • 

80 

20 

• 

bismuth 

n 

50 

27*77 

. 

22 23 

ii . . . 

66 1 

1 6 82 


1 bis, 29 58 

ii • • 

66 66 

1 33 34 



Stereotype plate 

86 71 

14 29 



n • • 

70 

16 


bismuth 15 

Linotype metal 

84 5 

18 5 

2 


Type-metal . 

72 

18 

25 

... 


{d) Hard Lead. — It is a particularly useful alloy, suitable for many 
technical purposes m which the lead, when used alone, possesses too 
low a melting-point ; and further, it is used to make cooks and valves 
that come into contaot with acids in chemical works. It is obtajped 
from antimony ore containing muoh lead, and also as a by-product 
from Bmelting works. Its usual composition is 22 per cent Sb and 
78 per cent. Pb. * 

Antimony-lead alloys, according to Matth lesson : — 


Composition. Specific Gravity 


Antimony 

Lead. 

Atomio 

Formula. 

Found 

Calculated 

Dilleience 






Exp. 

| Gout. 

100 


Sb 

‘ 6*718 




64*1 

45 9 

SbjPb 

8*201 

8*268 

0 067 

7 

87*1 

62 9 

SbPb 

8 989 

9 045 

0 056 


22 7 

77 3 

SbPbg 

9 811 

9 822 

0 011 


16 4 

83 6 

SbPb s 

10*144 

10 211 

0 007 


10 5 

89 5 

i SbPb B 

10*586 

10 699 

0 013 


5*5 

94 6 

gJ>Pb,o 

10 930 

10 952 

0 022 


2*3 

97 7 

SbPby, 

11 194 

11 190 

0 002 


... | 

00 

TM) 

11 376 
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(e) Other Alloys of Less Importance. — An alloy for making the 
nails to be used m ships consists of • tm 50 per cent , lead 33 per cent., 
and antimony 17 per cent. ; or 3 parts tm, 2 parts lead, and 1 part 
antimony. It is specially resistant against the continued action of 
water and atmosphere. 

Metallio mirrors, buttons, etc , have been made from the following 
alloys : — 

Antimony, silver, copper, zinc. 

„ tm, zinc, steel. 

„ oopper, iron, lead. 

,, copper, tin, zinc 

„ copper, tm, lead. 

* 

Alloy 8 of Antimony and Hydrogen . — Antimony hydride is rather a 
ohemioal compound than an alloy, and is generally m the form of a 
gas. As a solid alloy it can be obtained by sending a current through 
a dilute sulphurio acid bath, the metal antimony bemg then negative 
The hydrogen thus disengaged unites with the antimony to form 
brown flakes. If bichloride of meroury is introduced into the bath, 
an alloy consisting of hydrogen, antimony, and mercury is obtained, 
which becomes very unstable as soon as the galvanic current is 
stopped. The phenomenon of dissociation is accompanied by a 
development of heat and electricity, thus producing a reversing 
secondary current. Although the study of this curious and delicate 
reaction is still not far advanoed, yet the results already obtained 
promise well for its future use m thp manufacture of secondary poles 
and ttocuniulators. 

Antimony Amalgam. — Mercury dissolves antimony m different 
proportions, and forms white alloys, the fluidity of which decreases 
proportionately as the percentage of antimony moreases When m 
a solid state they are so fragile that they break up under the slightest 
shock. They are of theoretical interest only. 

Alloy 8 of Antvmony and the Allahes — Potash and soda are reduced 
with great facility by carbon in the presence of antimony, forming 
alloys which may contain the alkaline metals up to 25 per oent. 
This alloy is ordinarily prepared by heating to red heat for two or 
three hours a mix ture of 6 parts of tartar emetic and 1 part of nitre, 
or equal paits of antimony and roasted cream of tartar The metallic 
button thus obtained is very oompact, greenish gray m colour, brittle, 
and lamellar in structure. It possesses sonde of the properties of 
potassium ; when exposed to humid air it inflames rapidly , m water, it 
sets the hydrogen free, leaving behind a residue of antimony, while 
the potash remains in solution In contact with mercury, the anti- 
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mony is isolated, while the potassium forms an amalgam with the 
mercury. An explosive alloy oan be made by oalcining for three 
hours a mixture of 100 parts of tartar emetic, 3 parts of lamp-blaok ; 
or 100 parts of metallic antimony, 76 parts of roasted cream of tartar, 
and 12 parts of lamp-black. The crucible used for this purpose must 
be coated with a thin layer of carbon to prevent adhesion. This alloy 
may be used in the manufacture of matches that are damp-proof. 

Coohfa Alloys — Two crystallised compounds of antimony and zinc 
are known, with Sb 2 Zng and SbgZiig as formulee. The former is pre- 
pared by melting together 67 parts of antimony and 43 parts of zmo. 
After carefully stirring the mixture, it is allowed to oool in the orucible 
until a orust is formed on the surface, which is then pierced and the 
liquid portion poured off. The interior of the crucible is then seen 
to be covered with magmfioent prismatic orystals, terminating in 
points. 

The latter, SbjZng, is prepared in the same manner with 68 6 parts 
of antimony and 31*6 parts of zino (. Frevny ). These two alloys 
possess the property of decomposing water at 100° 0. ; thus, 200 grms. 
of Sb 2 Zn 8 oan set free 130 o o. of hydrogen gas m ten minutes This 
decomposition can be accelerated by addmg a few drops of chloride 
of platinum : 200 grms. of SbgZn^ can then set free 244 c.o. of hydro- 
gen gas m ten minutes Cooke has recommended the use of these 
two alloys for the production of pure hydrogen m the laboratory 

USaumur’s Alloys . — When a mixture of 70 parts of antimony and 
30 parts of iron is heated to a white heat in a crucible, the resulting 
alloy is very hard, white in oolour, and slightly magnetic, the fiard- 
ness being increased in proportion as the quantity of iron is increased 
It is always formed when iron is used to excess in reduomg antimony 
sulphide. 

Alloys of Antimony and Gold — Antimony has such great affinity 
for gold that a very minute quantity of antimony vapour will modify 
its ductility. The alloys are straw-yellow, the fracture being grainy 
and dull, like that of porcelain. They are used in jewelry. 

Alloys of Antimony and Copper, — Equal parts of the two metals 
form an alloy having a beautiful violet colour.* In combination with 
tin, the alloy is used m industries. 

Alloys of Antimony and Silver . — They are white and brittle. 

Alloys of Antinomy a/nd Alwninivm . — These alloys, discovered 
recently, have been studied by M P4cheux. Yon Aubel (1896) 
obtained the alloy SbAl, whioh melts at 1080°; L. Guillet (1902) 
obtained the alloys SbAl, SbA! B , SbAl*, and SbAl 10 , which turn to a 
* It ia known as “ regulus of Yenua.” 
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black powder. Since then Pdcheui has been able to obtain the 
alloys : SbAl^ density = 2*73 ; SbAI^ density = 2 7 , SbAI^ density 
= 2 662; and SbAl^, density = 2 ‘598. The melting-point of these 
four alloys is between 760 and 730°, while those of antimony and 
aluminium are 460° and 650° respectively. They expand on solidi- 
fying, are sonorous, offer resistance to filing, but are somewhat 
brittle, and oan be slightly bent. They are of a bluish-gray colour, 
and do not alter in air or water at or dinar y temperatures. The 
alloy SbAlgo, however, decomposes water at 100° C. The lightness, 
malleability, and durability of these alloys may render them useful in 
the construction of ships for the navy, submarine vessels, automobile 
conveyances, and air-ships. 

An alloy of a/ntimony a/nd arsenic is very fusible, very hard and 
brittle, and is not of practical use 

An alloy of antimony and nickel is brittle, and has a lead oolour. 

Alloys of antimony and bisrrmth have the following composition, 
according to Holzmai^n : — 

Composition '’Specific Gravity 


Difference. 


Sb. 1 

Bis. 

Atomic 

Formula 

Found 

Calculated. 

Exp 

Cont 

iocT 


Sb 

6 718 


*’* 


54 0 

46 0 

ShBi 

SbBi 

7'884 

7 866 


0 008 

37 1 

62*9 

8-892 

S 385 


0*007 

22-7 

77*8 , 

SbBia 

8-886 

8 888 

0*002 

12 8 

87*2 1 

SbBi* 

9 277 

9*272 

1( 

0*005 

8*9 

91 ‘1 

SbBi* 

9-485 

9 483 


0*002 

... 

100 

Bi 

£•828 

... 

... 

... 


It may be assumed that the volume remains constant, the differences 
between the specific gravities found and calculated bemg negligible. 

Remarks on the Preparation of Useful Alloys. — In working 
with antimony alloys it is important to oast them at a temperature 
as low as possible, and to pour into oold moulds, so as to aid rapid 
solidification and obtain a fairly uniform mass instead of an euteotio 
alloy. Brass moulds must be used for oastmg, and must be coated 
on the interior with a mixture of lamp-black and oil of turpentine, 
or lamp-black alone, to prevent any adhesion of the alloy to the mould. 
Red chalk mixed to a uniform mass with water can also be used. 

The mixture for an alloy must be thoroughly stirred. If the alloy 
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on fracture shows a non-liomogeneous structure, it requires to be 
rapidly remelted under a layer of charooal, so as to prevent 
oxidation 

Fig 62 shows a smelting furnace for the production of alloys of 
antimony with other metalB. 



Fig. 62,— Scale 


а, Graphite crucible. 

б, Cast-iron plate 
e t Grate 

d t Fire-bnck. 
e, Common bnok 


/, Ground, 
gf, Chimney. 
h> Iron cover for furnace 
i t Balancing weight. 
k , Arch 


2 Pigments and Paints. 

(a) Antimony White.*— The prooess for forming it, as gjven by 
MM Bobierre, Ruolz, and Mousseau, is as follows f — In a bnok oven 
oi a cast-iron furnace, a draught of air and a jet of steam regulated for 

* Taken from the translation by Feequeat 
t Vide “Volatilisation Process” undei Melallmyy 
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each kind of sulphide is thrown upon the heated surface of antimony 
sulphide Sulphur escapes as sulphurous acid, which may be saved, 
and the antimony is converted into white oxide, which is collected m 
receivers placed at the end of the heating apparatus. This product 
may be ground immediately with oil It does not require drying, 
pulverising* sifting, eto. The covering power is twice that of white 
lead. 

The process of MM. VattS and Barreswill is as follows : — Algarotb 
powder, an oxychloride of antimony, is obtained by treating Sb 2 S 8 
with HOI H 2 S is made to burn, and the sulphurous acid produced 
is employed m lead chambers for the manufacture of sulphuric acid. 
The clear and settled chloride of antimony ib decomposed by water. 
The hydrochloric acid resulting from this decomposition (with a little 
antimony) is used for condensing HC1 gas, or for separating the 
gelatin from bones , also for manufacturing new antimony white, by 
treating with HC1 either the residue of antimony ore calcined at a 
low temperature, or the product of the action of H 2 S0 4 upon the 
Sb 2 S 8 . The sulphurous acid resulting from the treatment is used 
for the manufacture of sulphuric acid. 

MM HaZlett and StenhousJs process : — A natural oxide of antimony, 
or an ore m which the sulphide and the oxide are associated together, 
is used The mineral is pulverised and is separated from the gangue 
by washmg or by some mechanical device. The heavy portion thus 
obtained is calcined in a reverberatory furnace, and from it the 
sulphur is driven off as sulphuric acid. The residue consists mostly 
of antimonious acid, which, after being further powdered, is mixed 
with oil or varnish The produot may occasionally contain a httle 
lead, copper, or iron, which has the effect of diminishing its whiteness 
Henoe it is mostly used for inferior painting. 

Antimony-white paint can withstand the action of water, is as 
opaque as white lead, is scarcely acted upon by sulphurous fumes or 
sulphuretted hydrogen, is durable for outside-work painting, and is 
not poisonous.* Furthermore, it possesses more body than zmo white, 
covers better, and is cheaper 

* In 1860, J. Braohet, Professor of General Pathology at the 6co1e de M4decine, 
Paris, in discussing the lead-paint question, Btated “ Is it possible, m the painting 
of buildings, to replace whito lead by some other metallic substances less poisonous ? 
Is it possible to employ white oxide of antimony, as proposed by Ruolz * . 

In order to dispense with the nse of lead paint, it is necessary to have a great 
quantity of this mineral. If one could open up some of these mmeB, he would 
then do a great service, not only to industries and arts in general, but above all to 
humanity. It ib to be hoped that the government will oncouiago this branch 
of industry • • The great problem of preventing lead disease will thus 
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The following gives a comparison of the pnoes of the three ki 
of paint in aotual use,* the rates being taken from the Revue 
produzts chimiqioes . — 


White lead, 

100 kiloB. f at 61 fr. 

61 fr. 

Oil, 

o 

H 

O 

CO 

. • 42 „ 


180 kilos, oost .... 

108 „ 


100 „ 

. 79-20 „ 

Zmo white, 

100 kilos, at 82*60 fr 

. 82 50 fr. 

Oil, 

60 ,, 140 ,, . 

. 84-0 „ 


160 kilos oost 

166 50 „ 


100 „ . . 

. 104-06 „ 

Antimony white, 100 kilos at 85 fr. . 

. ' 86 fr. 

Oil, 

o 

S | 

70 „ 


160 kilos, oost .... 

166 6 „ 


100 „ . . 

. 103*66 „ 


Experience shows that the following ratio must be taken for pa 
ing a given surface with the three lands of paint, separately — 

Kil. Kil Kil. 

Zn Sb Pb=100 * 120 130. 

But, m order to obtain the same hue for the three cases, oxpene 
shows that it is necessaiy to apply — 

1 coat of lead at 102 96 fr . . 102 9frfi 

2 ooatB of antimony at 124*39 fr . . 248 78 ,, 

3 „ zinc at 104 06 fr. . 312*16,, 

From these it can be seen that antimony white is a good substit 
for white lead, from the point of view of hygiene and technology 
M. G Hyvert reoommends the following process £ : — Carbonat 
soda is melted with a mixture of antimony and saltpetre or sod] 
dioxide, and a solution of sulphate of alumina is used to treat 
waters of lye-washing Good results can also be obtained 
treating antimony oxide, together with pulverised bauxite, v 
silicate of soda, the produot being treated with lye-washing i 

be solved.” Also the Ohambre de Commerce de Montlugon adopted, Oct 13, 1 
the proposition to replace the use of lead paint by that of antimony white, an 
enoouragc the general public to use it fiom the hygienic ] joint of view "V 
regard to this question, consult La Cnsc du Plomb, par G Hyvert, 1 901. 

* Taken from La Cnse du Plomb , p. 28. 
t 1 fr. = 9J pence , 1 kilo =2fr lbs 
T French patent, June 18, 1901. 
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dried at 100°. Again, a mixture of bauxite and antimonic acid may 
first be treated with steam, and then oalcined slowly under a ourrent 
of carbonic acid gas. Finally, the antimomatea of manganese and of 
zinc give a good white colour, 

(b) Antimony Black — It is obtained by treating antimony 
solutions with zinc or iron. The deposit thus obtained is in the form 
of powder, and ia used to bronze metals or plaster 

(c) A ntim ony Vermilion, — Lampadius, in 1853, proposed using 
the red sulphide of antimony as a pigment, which, as he observed, 
covers well when employed with water, but possesses less body when 
ground with oil 

M. E. MathievrPlessy writes thus* — “The product to which I 
give the name vermilion of antimony is the result of a new modifica- 
tion of the sulphide of antimony which I obtain from the decom- 
position of hyposulphite of soda m the presence of chloride of 
antimony. 

“Among the phenomena of double decomposition, so characteristic 
of the nature of mmeral substances, none is more striking than the 
production of the orange-yellow sulphide of antimony by means of 
sulphuretted hydrogen or of an alkaline sulphide. If the latter 
reagent, from long exposure to the air, be partly transformed into 
hyposulphite, it may give with a proto-salt of antimony variously 
coloured precipitates, the colour depending on the degree of oxida- 
tion. These variations, which may have been already observed, will 
be easily explained by the reaction studied by myself, which gave the 
key for obtaining a red sulphide of antimony entirely distmct from 
the well-known ones hereafter mentioned. 

“ I refer to the orange-yellow sulphide, produced by the reaction of 
sulphuretted hydrogen upon the proto-chloride of antimony, the 
black native sulphide, and the brown-red sulphide, a modification of 
the preceding one, whioh was observed for the first time by Fuohs, 
and has recently been studied by Mr Rose. 

“ It is not sufficient, however, to put the proto-chloride of antimony 
and the hyposulphide of soda m contact with each other to obtain 
the sulphide of antimony with all the brightness which it is able to 
acquire. In order always to arrive at the desired result, I have been 
obliged to make numerous trials and to vary the proportions of the 
reagents and the temperature At last I have succeeded in find i n g 
out a prooess which ib satisfactory in regard to the quality of the 
product and the facility of its preparation 

“Believing that the vermilion of antimony might find its applioa- 
* Bull de la SoaUU industnelle de Midhouse, vol. xxtl pp 297 et seq. 
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tion in the arts, I have examined its preparation from beginning to 
end, and I have therefore aimed at producing hyposulphite of soda 
and the chloride of antimony on a manufacturing scale In regard 
to the hyposulphite of soda, and in order to avoid crystallisations, 
which require a special apparatus, I followed a process which gave 
me this salt in a state of sufficient punty, at a time when its prepara- 
tion was but little understood The process was based upon the 
employment of the sulphide of soda. 

tc In my researches I have demonstrated that this salt should be 
employed m the natural state, m order to avoid the reaction of the 
sulphurous acid upon the hyposulphite resulting m the Langlois salt, 
which, being also decomposed, becomes sulphate of soda In the 
preparation of the sulphite I have followed the prooess of M Camille 
Koeohkn, which consists m burning sulphur in a convenient apparatus. 
It consists of a Bieve holding large crystals of soda, suspended in a 
cask open at the top. The bottom is connected by means of a pipe 
with a small clay furnace, upon which the sulphide is thrown m 
small quantities at a time. 

“ The combustion of the sulphur is regulated by means of a trap- 
door , the draught is good, and after two or three days the crystals of 
soda are transformed. Should there be portions unaoted upon, tho 
easily orumblmg Bulphite is rubbed off, and the core of carbonate is 
replaced in the cask A solution of 25° B4 strength is made from 
the sulphite, and is afterwards heated and saturated with crystals of 
soda. When the addition of this salt ceases to produce an efferves- 
cence (litmus paper does not give sufficient indications), or rather, 
when a diluted sample of the liquor produces a slight disengagement 
of oarbomo acid by the addition of hydroohlorio acid, then sublimed 
sulphur is put in, and the mixture is heated for three hours upon 
a water-bath. During that time the evaporated water is replaced 
and the mass is frequently stirred. The cold liquor is diluted with 
water until the strength is 25° B6. 

“ The protoohlonde of antimony is easily prepared by boiling in 
hydrochloric acid the powdered native sulplude of antimony. When 
the disengagement of hydrosulphuno acid begins to be slow, the 
whole is boiled for a few minutes After cooling, the clear liquid is 
decanted 

“ In order to obviate the inconvenience of the production of sulphur- 
etted hydrogen, the gas is collected in a solution of soda, or it is 
burned at the end of a glass tube connected with the vessel where 
the reaction takes place. If a burning alcohol lamp be placed at the 
end of the tube, the combustion of the gas will not be arrested, even 
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should the gas be aooompanied by a large proportion of steam. The 
chloride of antimony thus obtained is diluted with water to 25° B6 

“ The two solutions of antimony and of hyposulphite being prepared, 
we proceed as follows — We pour into a stoneware vessel 4 litres 
of chloride of antimony, 6 litres of water, and 10 litres of hypo- 
sulphite of soda. The preoipitate caused by the water is rapidly 
dissolved in the cold by the hyposulphite. The vessel is then placed 
in a hot-water bath, where the temperature of the mixture is 
gradually raised. At about 30° C. the precipitate of sulphite begins 
to form ; it is orange-yellow at first, and becomes darker afterwards 
At 55° C the vessel is removed from the water-bath and the pre- 
cipitate is allowed to settle, which it does rapidly. The mother- 
liquors are decanted, and the deposit is washed, first with water 
holding -j^g- of HC1, and afterwards with ordinary water. Lastly, the 
precipitate is collected upon a filter and dried. The wet vermilion 
of antimony is of an exceedingly bright red ooloqr , after drying, it 
loses part of its brightness. This pigment may be prepared m the 
cold, but the produQt is finer and more constant if we operate in the 
manner just described. 

“Being certain to reproduce my new sulphide whenever it is 
desired, I have undertaken its analysis. But as the determination 
of the antimony is very difficult, and as there is no known method 
sufficiently accurate for the purpose, I have determined the sulphur 
and calculated the antimony by difference It has also been necessary 
to determine the proportion of water. Moreover, I have compared 
the oftnge-yellow sulphide with my own, and the result is — 

0*668 of orange-yellow sulphide loses 0 038 at 200° 0. 

0*808 of red sulphide loses 0*009 at 200° 0 

“ This proves that the vermilion of antimony is an anhydrous sub- 
stance, and that the above shown is due to imperfeot drying. 

“ There now remams to prove by analysis that the vermilion of 
antimony differs from the orange-yellow sulphide by only one 
equivalent of water. This explains the new properties of the red 
sulphide. I have found by analysis : — 

Water . ... 1*1 

Sulphur . . 26 7 

Antimony (by difference) . . 72 2 

100 0 

which composition proves that the equivalents of sulphur and antimony 
are in the ratio 3 1” 
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M. E Kopp * says ■ — “ The sulphide of antimony, according to it 
physical state and its mode of preparation, may present ver 
varied colorations. It is crystalline and black-gray in the nativ 
state. When kept in the molten state for a long time and sud 
denly cooled, it becomes hyacinth-red Precipitated by sulphuretted 
hydrogen from an antunomo solution, it is of an orange oolou 
more or less red. In the kermes state it is red-brown. Lastly, whei 
obtained from the reaction of a soluble hyposulphite upon the ohlond 
of antimony, its red colour is more or less bright, and more or les 
orange or crimson, in accordance with the temperature employed an< 
the concentration of the liquors. 

“ This latter reaction was indicated by several ohemists, who gav 
recipes for the regular manufacture of the fine red sulphide o 
antimony, which was called vermilion of antimony. 

“ All of these methods are based upon the employment of hype 
sulphite of soda and chloride of antimony in quite concentrated 
solutions, and they present various inconveniences. 

“ In the process whioh I have followed, the vermilion of antimon 
is obtained by the reaction of the chloride of this metal upon 
dilute solution of hyposulphite of lime , and the mother-liquors ar 
used several times, and are thrown away only after they contain to 
great a proportion of chloride of calcium. 

“lam gomg to describe successively the various operations in th 
manufacture of the red sulphide of antimony. 

“ 1. Preparation of the Chloride of Antimony . — The decompositio 
of the sulphide by HC1 is very easy m experimental laboratories, bu 
the operation presents great difficulties when we have to work upo 
large quantities of materials. 

“After a senes of experiments (employment of leaden vesseli 
heating stoneware vessels in sand and pitch baths, etc ), I foun 
that it was much better to roast the sulphide of antimony at 
moderate temperature in contact with air and steam. The greate 
part of the sulphide is converted into oxide of antimony, and tb 
sulphurous acid produced m the manufacture of the hyposulphite c 
lime. The oxide of antimony is then easily dissolved in oo mm eron 
hydrochlorio acid. 

“If, durmg the oxidation of the sulphide of antimony, there 
produced a certain proportion of antimomous acid, but slight! 
soluble in HQ1, it may be saved by collecting the residues froi 
- the treatment with hydrochloric acid, and washing them with chloric 
of calcium or hyposulphite of lime, whioh dissolves the adherei 

* Bulletin de la SontU mdustriellc de Mulhome^ vol xx. pp. 879 et seq 
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chloride of antimony They are then dried and melted with a 
certain proportion of antimony sulphide and quicklime, m order to 
transform the whole into antimony green The addition of a small 
quantity of quicklime is intended for decomposing the small pro- 
portion of chloride of antimony which may still remain m the 
tesidues. 

“ 2. Preparation of the Hyposulphite of Lime . — This salt is oheaply 
prepared by the action of sulphurous aoid upon the sulphide or poly- 
sulphide of oaloium, or the oxysulphide The sulphurous acid is 
produced by burning brimstone or roasting pyrites or sulphide of 
antimony. 

“The polysulphide of oaloium is prepared by boiling finely ground 
sulphur with newly slaked lime and sufficient water It is advan- 
tageous to add to this solution of polysulphide a certain proportion 
of powdered oxysulphide of oaloium, which is the residue of the 
lixiviation of crude soda. In the absenoe of oxysulphide, quicklime 
may be added. 

“Sulphurous acid, in its reaction upon the sulphide and oxy- 
sulphide of calcium, sets sulphur free and forms a sulphite of lime, 
which, m the presence of sulphur and undecomposed sulphide, is soon 
transformed mto hyposulphite of lime The reaction is aided by 
the elevation of temperature which takes place in the apparatus 

“ The liquor is examined now and then to see whether it is alkaline, 
neutral, or aoid As soon as it has beoome slightly acid, it is run 
from the apparatus into a largo settling-tank, where it generally 
becomes neutralised by a certain quantity of undecomposed oxysul- 
phide of calcium held m it. If, after stirring for some time, the 
liquor preserves its acid reaction, sulphide of oalcium is added until 
complete neutralisation is effected, whioh is ordinarily made apparent 
by a black precipitate of sulphide of iron, 

“After settling for some time, the clear liquid is decanted, and 
forms a solution of nearly pure hyposulphite of lime The same 
vessel is subsequently used for neutralising the liquors obtained 
during the process of manufacture. 

“3 Preparation of Vermilion of Antimony. — The red sulphide of 
antimony is prepared with the above solutions of chloride of antimony 
and of hyposulphite of lime 

“ The apparatus consists simply of Beveral wooden tanks, holding 
from 20 to 30 hectolitres eaoh, and raised about 1 metre above the 
floor. These tanks are so arranged that they may be heated by 
steam, passed through a copper or lead pipe, opening about 2 deci- 
metres from the bottom, or, what is preferable, through a coil of 

11 
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pipes, the oondensed steam of which may be carried outside, witho 
being mixed with the liquors In this manner we avoid the useh 
dilution of the liquors produomg the vermilion of antimony. 

“ When the pressure of the boilers has reached two or three atn 
spheres, the tanks are filled with the solution of hyposulphite of hi 
up to seven-eighths of their height We then pour the solution 
chloride and antimony into the first tank, 2 or 3 litres at a tin 
There is formed a white preoipitate which is rapidly dissolved at t 
beginning ; but when solution becomes slow, even when the liqn 
is stirred, the addition of chloride of antimony is discontinue 
because there should always be a certain exoess of hyposulphite of lm 

“ The liquor of the tank should be perfectly clear and limpid ; 
there is any white preoipitate, it should be dissolved by adding sm 
quantities of hyposulphite. 

“ Steam is then let in, and the temperature of the liquors is gradua 
raised to 50° or 60° or even 70° C while stirring goes on. The reacti 
soon becomes manifest ; the liquid is successively coloured a stra 
yellow, then a pure lemon-yellow, orange-yellow, orange, reddic 
orange, and lastly a very deep and bright orange-red. The steam 
then stopped, and the acquired heat of the liquid, aided by a sl< 
stirring, is sufficient to complete the reaction, and impart to t 
colour its maximum of intensity. Should the heating be contmut 
the red-orange colour would pass successively to a pure red, then 
a more or less orimson red, which in its turn would grow darl 
and darker, and become brown, blackish brown, and, lastly, neai 
black • 

“We Bee that by graduating the temperature it is possible 
obtain all the intermediate hues between orange and brown-bla< 
The tank is covered, and the coloured precipitate is allowed 
deposit. 

“ The clear and limpid liquor, which smells strongly of sulphurc 
aoid, is decanted through holes bored in the tank at different heigh 
and is conducted by means of leaden pipes or wooden troughs into 
large quantity of sulphide and oxysulphide of calcium The Bulphi 
ous liquor regenerates a oertain proportion of hyposulphite of lime 

“As the solution of chloride of antimony always contains a lai 
proportion of chloride of iron, it becomes easy to watch the worki 
of this latter operation. All the iron remamB m solution in t 
mother-liquors of the sulphide of antimony ; but as soon as these i 
brought m contact with sulphide of calcium the msoluble sulph] 
of iron is formed. As long as the black precipitate remains, t 
mother-liquors, charged with sulphurous acid, have not been add 
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in excess j but when they are in exoess the black precipitate dis- 
appears, owing to its being changed into the soluble hyposulphite of 
iron The contents of the reservoir are then well stirred, and, if 
necessary, sulphide of oalcium is added, until the black precipitate 
of sulphide of iron reappears and remains permanent. At the same 
time a oertain proportion of hyposulphite of iron should remain m 
solution This condition is easily fulfilled when we operate upon a 
sufficiently large amount of materials After the precipitate has 
settled the liquor is decanted, and is a neutral solution of hypo- 
sulphite of lime, with a oertain proportion of hyposulphite of iron 
and of ohloride of oalcium. 

“We should oarefully avoid, in this regeneration of the hypo- 
sulphite of lime, leaving in an excess of sulphide of calcium, which 
will impair the coloration of the vermilion by causing the formation 
of the ordinary orange-yellow sulphide of antimony Therefore, if 
the solution of hyposulphite of lime be yellow and alkaline, a liquor 
charged with sulphurous acid should be added, until complete 
neutralisation of the alkaline reaction. 

“ This solution of hyposulphite of lime, like the first, is employed 
in the preparation of a new quantity of vermilion of antimony. The 
mother-liquors, charged with Bulphurous acid, are again neutralised 
m the large reservoir by a new proportion of sulphide and oxy- 
sulphide of calcium, and so on, until the liquors become so much 
loaded with chloride of oalcium that it becomes necessary to throw 
them away, or to reserve them for some other purpose. But this 
takef place only after twenty or thirty operations. 

“ It is even possible to save the sulphurous acid in these exhausted 
mother-liquors, by saturating them with a milk of lime. This pro- 
duces a precipitate of oxide of iron and of sulphite of lime, and leaves 
chloride of calcium only in the mother-liquors The precipitate, 
mixed with sulphide of calcium, is transformed by sulphurous 
acid into the hyposulphites of lime and iron. And if the pro- 
portion of iron be too great, it may be precipitated by a slight 
excess of milk of lime. 

“ The precipitate of vermilion of antimony left on the bottom of 
the first tank is received into a conical cloth filter, and the drained 
liquors are added to those of the reservoir. The tank is then nnsed 
with tepid water, which is made to pass through the filter 

“ The washing of the vermilion should be done very oarefully, and 
it is often necessary to empty the oontentB of the filter mto a large 
volume of pure water and to wash the filtrate several times by 
decantation The red sulphide is afterwaids filtered again and dried 
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at the ordinary temperature or m a stove-room the temperature of 
which, is not over 50° to 60° C 

“ While the precipitate is settling m the first tank, a similar opera- 
tion takes place m the seoond, and then in the third. During that 
time the first tank has been emptied, and its mother-liquors have 
been regenerated These are then brought back into the first tank, 
and another precipitation of vermilion of antimony takes place, pud 
so on. 

“ 4 Properties of the Vermilion of Antimony — The vermilion of 
antimony is in the state of a very fine powder, without taste or smell, 
and is insoluble m water, alcohol, or essential oils It is but little 
aoted upon by the weak acids, even when concentrated, or by the 
powerful inorganic acids which have been diluted with water. It 
stands the latter acids better than the ordinary sulphide of antimony 
Concentrated and hot hydrochloric acid dissolves it, with formation 
of sulphuretted hydrogen and chloride of antimony. Nitno aoid 
oxidises it, with the production of sulphuric and antimonic acids The 
vermilion of antimony is not sensibly aoted upon by ammonia or the 
nlkaluie carbonates , on the other hand, the powerful caustio alkalies, 
such as potash, soda, baryta, strontia, and lime, decompose it and form 
combinations which are odourless, or nearly so The oolour is there- 
fore destroyed ; consequently this pigment should not be mixed with 
alkaline substances A high temperature blackens it, and should 
the heat be such as to melt it, it beoomes ordinary sulphide of 
antimony. 

“ The vermilion of antimony is an opaque pigment, without ihuoh 
lustre or brightness, when mixed with water, thiokened by gummy or 
gelatinous substances. On the other hand, when ground m oil or 
varnishes, it acquires great intensity and brightness of color, and has 
good body or covering power, bemg superior m that respeot to red 
lead, orange mineral, the red subohromate of lead, and oinnabar or 
mercury vermilion. A well-prepared vermilion of antimony, ground 
in oil, gives possibly the purest red color , that is to say, it is not 
tmged orange, or pink, or onmson , but it often has a brownish hue. 
It is perfectly unalterable by air or light, and may be mixed with 
white lead, which is not blackened by it, even after several years It 
does not assist or hinder the drying of oil. Therefore the vermilion 
of antimony is a pigment especially fitted for oil-pamtmg, and its low 
price and covering power render it advantageous for carriage and 
house painting ” 

(d) Antimony Yellow — (a) Naples Yellow . — This pigment, which 
is obtainable by combining lead oxide and antimonic acid together, 
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has been found native m the lavas of Vesuvius. There exist- many 
processes for manufacturing it According to Brunner, a German 
ohemist, it can be produced thus : — A mixture of 2 parts of tartar 
emetic and 4 parts of marine salt is oaloined gently m a Hesse 
crucible just to the point of fusion. After cooling, the maas is 
orushed and then washed with water. 

(/?) Messrs Hallet and J. Stenhowe m 1861 took out a patent in 
England for manufacturing antimony yellow This is produoed by 
using the oxides and the sulphides of antimony, with variable pro- 
portions of antimony, oxide of iron, silica, water, and sometimes 
arsenic, giving rise to various hues from a light yellow to a yellowish 
red. The gangue is removed as far as possible by picking and 
washing the ore, after which it is ground and sifted. The ground 
mass is introduced into large crumbles, muffles, or reverberatory 
furnaces, where it is carefully calcined at a dull red heat with access 
of air. The mass is constantly stirred m order to prevent too high 
an elevation of its temperature. During the operation, the powder 
emits steam, sulphur, sulphurous acid, fumes of antimony and 
arsenic, and becomes less fusible. The calomation lasts for from two 
to three hours, and is completed when vapours and fumes are no longer 
disengaged and when all the antimony has been transformed into 
anhydrous antimonious aoid. The impure antimomous acid is 
reduced to an impalpable powder by grmding and levigation. After 
drying, it forms with oil, varnish, eto , a pigment which may be com- 
bined with oxides or salts, such as zinc oxide, white lead, chromate 
of lead The yellow pigment is obtained when the following con- 
stituents are mixed together : 8 parts of native oxide of antimony, or 
of the oxide mixed with the sulphide, or the impure antimomous 
oxide obtained by the above-mentioned process ; 3 parts of red lead or 
litharge , and 1 part of oxide of zinc. This mixture is powdered and 
calcined m crucibles, muffles, or furnaces, until combination is 
effected and the final yellow colour has appeared The mass is then 
finally powdered and ground in oil or m varnish. By varying the 
proportions, one can obtain various tones and hues of Naples yellow : — 

I. II. III. IV. V VI 
Antnnomons aoid ..418112 

Oxide of lead . 2 2 3 1 1 1 

Oxide of zinc . 1 1 1 1 

In trade this pigment goes under various names, suoh as Naples 
yellow, jaune, solid yellow, antimony yellow 

(y) The Process of Merome — A mixture of 3 parts of finely . 
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powdered bismuth, 24 parts of powdered stibmte, and 64 parts of 
saltpetre is melted and is poured, while molten, into water The 
mass thus obtained is brittle and is finely powdered, washed and 
dried, and is melted with 128 parts of litharge and 8 parts of sal 
ammoniac This yellow pigment has almost fallen into disuse, 
because of its instability and the high price of bismuth. 

(8) The yellow pigment can also thus be obtained * — Melt together 
16 parts of litharge, 1 part of sal ammoniac, -J- part of antimonate of 
bismuth (obtained by heating a mixture of 30 parts of bismuth, 240 
parts of antimony sulphide, and 640 parts of nitre), and, after 
complete fusion, pour into water 

(e) Antimony Yellow of a Perma/runt Character (Fr. jav/nes fixes) — 
This can be obtained by employing autimomo aoid, produced by treat- 
ing the perchloride of antimony with water and the residue with 
hydrochloric aoid It oan also be prepared by slowly calcining 
antimonate of protoxide of iron, obtained by double decomposition, 
in the air. The result thus obtained is very resistant to the action 
of sulphurous vapour. When chloride of antimony ib treated with 
a ourrent of sulphuric acid vapour, the resulting pigment is still 
more resistant to the action of sulphurous vapour. Sulphuric acid, 
which, as a rule, is very injurious to Naples yellow and blackens it, 
is in this case a good agent for vivifying the colour. Various hues 
of yellow pigment can be obtained by adding to it an oxysulphide 
formed by the action of sulphantimonate of sodium in a solution 
of sulphate of zinc The precipitate is a very deep orange-yellow, 
very insoluble, and is dried at 50° A mixture of this with the 
persulphide m various proportions will produoe hues of colour from 
lemon-yellow to orange yellow 

(e) Antimony Blue. — This pigment is, as yet, without an equal m 
the manufacture of artificial flowers It is thus produced • — A dilute 
solution of potassium ferrooyamde is added to a clear solution of 
metallic antimony in aqua regia According to Krauss, this is merely 
a Prussian blue obtained from the ferrocyamde used, which is de- 
composed by the strong acid, with evolution of hydrocyanic acid, the 
antimony thus possessing no colouring principle 

(f) Antimony Violet — This is obtained by mixing antimony ver- 
milion and either antimony blue or other kinds of blue together 

(g) Antimony Green — This is obtained by the mixing of antimony 
yellow and antimony blue in different proportions. 

( h ) Antimony Orange. — E Wagner recommended the ubo of 
sulpho-antimonite of barium mixed with artificial sulphate of baryta 
(plane fixe) as furnishing good pigments for painting 
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This pigment can be produced thus : — 

Finely powdered sulphate of baryta . . 2 parts. 

Native sulphide of antimony .... 1 part. 

Powdered charcoal . . , . 1 ,, 

This mixture is calcined in a crucible of clay or graphite for several 
hours up to red heat. The cruoible should remain closed until it 
becomes cold, because the carbonaceous matter contained in it might 
beoome inflamed, with explosion, if it remained open. The calcined 
mass is then boiled in water, and the insoluble residue — the sulphide 
of banum and calcium — is used m the mixing of the material for 
another operation. The filtered liquid has a pale-yellow colour 
Dilute sulphuric acid is then added to it until the orange colour is 
entirely precipitated. The colour thus produced is mixed with blanc 
fixe. If a purer orange hue is desired, the solution of sulpho-antimomte 
of banum is boiled with £ part of sublimed sulphur. The sulpho- 
antimomte of barium is then transformed into sulpho-antimonate, 
which has a composition analogous to that of Sohlippe’s salt. 

A yellowish orange colour is obtained when a dilute solution of 
sulpho-antimonate of sodium is treated with a mixture consisting 
of 1 kilo, of quicklime, dissolved in 26 litreB of cold water, 1 kilo of 
sulphate of iron protoxide, 1 kilo. of sulphate of zinc, and alum, in 
amount varying according as the oolour ib required to be of a more 
yellowish or less red hue 

(i) Orange-red Sulphide of Antimony. — The patent of MM. 
Leclaire and Barruel is to the following effect — 1 part of natural 
Sb^Sg is pulverised and dissolved, with the aid of heat, in 7 parts of 
hydrochloric acid at 20° BA The hydrogen sulphide given off from 
the first operation is oondensed in a solution of milk of lime When 
all the sulphide is dissolved, the acid solution of antimony chloride is 
poured into stoneware vessels which have holes at different heights 
The liquor is diluted with water until it becomes turbid and a white 
precipitate appears. Then this is put into demijohns and is sub- 
mitted to a stream of hydrogen sulphide The liquor is occasionally 
stirred with a wooden stiok, and the vessels covered to prevent the 
escape of the hydrogen sulphide, which is, however, led to a solution of 
milk of lime by meanB of tubes, and is absorbed therein. The sulphide 
thus obtained is washed and dried in a stove-room heated to from 
40° to 60° C., but not higher, otherwise it loseB much water and turns 
black. 

(j) Miscellaneous Pigments — (a) A yellowish-red pigment can 
be obtained by melting a mixture of 8 parts of the oxide with 2 
parts of the sulphide together This is known as crocus. 
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(J3) When 8 parts of the oxide are melted with 4 parts of th 
sulphide, the resulting product has a dark-brown colour, and is know 
as foie d'antunoine. 

(y) An tim nnite of lead. — This is prepared by treating 50 part 
of metallic) antimony with 20 parts of concentrated sulphuno acic 
thereby obtaining sulphate of antimony This salt is heated unt 
the evolution of acid fumes has ceased, and is then calcined m 
crucible with 21 parts of dry oarbonate of soda, with the productioi 
of antimomous acid. The fused material is boiled m water, and th 
solution is decomposed by neutral acetate of lead The preoipitat 
obtained is antimomte of lead, which can be oolleoted on a filter-clot] 
and then dried upon bricks in a stove-room heated to 60° C. 

(8) Antimonate of lead is thus prepared * — A mixture of 1 part o 
antimony sulphide and 6 parts of nitrate of potash is deflagrated n 
a red-hot oruoible, or upon the bed of a reverberatory furnace Th 
oalcined product is dissolved m boiling water, and the solution thu 
obtained ib decomposed by neutral acetate of lead. The preoipitat 
is then washed and dried. The antimonate of lead thus obtained l 
white and heavy, and possesses a certain body 

(e) Kermes. — Its colour is browmsh yellow. It can be preparec 
thus : — 

Dry Method . — In a crucible is melted a mixture of 5 parts of anti 
mony sulphide and 3 parts of dry carbonate of soda The mass 
after complete cooling, is treated with 80 parts of boiling water. 

Wet Method. — Boil, for three-quarters of an hour, 1 part o 
pulverised antimony sulphide with 22 parts of dry oarbonatS o 
soda, m 250 parts of water. 


3. Medicine. 

Antimony, by itself, cannot produce any effect upon the humar 
system, but only as a salt oapable of being decomposed by the 
fluids of the body, especially m the tartansed form, which, being 
the most soluble, has properly*superseded other forms According 
to Orfila, Flandin, Danger, and Milon, the solutions of antimony salt* 
rapidly permeate the animal system and are readily eliminated with 
the urine. Under certain circumstances the salts of antimony con 
tamed in the solutions are deposited m the tissues, especially in the 
liver, the spleen, and the kidneys 

Several doctors, such as Navies, Yan der Bosch, Hahnemann, 
Strack, Philip, have recommended the use of the salts of antimony m 
the treatment of colic mduoed by lead paint 
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Official Preparation of Tartar Emetic (antimonii et potassii 
tartras) : — Oxide of antimony in very fine powder, 2 oz ; bit&rtrate of 
potassium, fine powder, oz . ; distilled water, 18 fl. oz. To the 
water, previously heated to boiling-point in a glass vessel, add the 
powders, previously mixed, and boil for an hour , filter liquid while 
hot, and set it aside for crystallisation 

2KHQ 4 H 4 0 6 + Sb a Q 8 = 2KSbOQ 4 H 4 Og + H„0. 

Amd potassium Tartar emetae 

tartrate. 

In small doses, it seems to increase the activity of the function of 
secretion, particularly of the mucous membranes , in large doses it 
causes vomiting. It is also used in some eruptive or exanthematous 
fevers, m catarrhal affeotionB, and as an ointment to be applied 
externally. 

Official Preparation of Antimony Trioxide (antimonii oxidum) : — 
Sulphide of antimony m very fine powder, 4 oz. troy , hydrochloric 
acid, 18 oz. troy, nitno aoid, 1 oz. troy, liquor ammomse, 1£ fl oz , 
distilled water. The sulphide is put into a flask containing hydro- 
chloric acid, and is then digested by means of a sand-bath until 
effervescence ceases Then add nitric aoid gradually. When the 
nitrous acid vapours have ceased to be given off, the solution is 
allowed to cool. Add half a pint of water and filter Pour the filtered 
liquid gradually into 12 pints of water, constantly stir it, and allow 
the precipitate to subside Decant the liquid and wash the precipitate 
twice* on each occasion with 8 pmts of water Then transfer it 
to a muslin filter to drain, and wash it until the acid reaction ceases 
Introduce it into a vessel and subject it to the action of liquor 
ammomse for two hours Then transfer it to a muslin filter and wash 
it until the filtrate gives no preolpitate when silver nitrate is added 
Dry it finally in a gentle heat 

SbgS 8 + 6 HOI = 2Sb01 + SHaS 
12SbCl, + 15HaO = 2SbCl8. 5Sba0 8 + 80 HOI. 

2Sb01„ BSbgOj + NH 8 + 3H a O = 0Sb a O 8 + 6NH 4 C1. 

ThiB oxide is used m the preparation of tartar emetic. 

Antimonii Sulphidum, Sb 2 S 8 , is used almost exclusively in vetei m- 
ary practice as an alterative. 

Other Antimony Compounds for Medical Purposes.— WTien orude 
antimony is powdered and is mixed with thrice its weight of nitrate 
of potash, and projected gradually into a red-hot crucible, it detonates, 
producing a white oxide combined with sulphate of potash This is 
the “ solvent of llotiou or unwashed calx of antimony ” of the old 
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chemists. If the sulphate of potash be separated by repeated affusion 
of water, we have the calcined antimony of the London Pharmacopoeia, 
whioh is “ ceruse of antimony, or diaphoretic antimony ” 

By varying the proportions of nitrate of potash and sulphide of 
antimony, one is able to obtam different strengths of the resulting 
compounds, known as “mild antimomal emetio of Boerhaave,” 
“crocus antimorm, crocus m ©tailor um, or hepar antimonn,” “crocus 
antimonn mitrior,” and “ oroous antimonn medicinalis.” 

Antimony trichloride, in liquid form, goes under the names 
“ liquor stibii munatici, ” “ butyrum antimonn liquidum,” “cauterium 
antunoniale.” Besides these may be mentioned kermes (pulvis 
Carthusianorum, Sb 2 S s + variable Sb^a), antimony pentasulphide 
(golden sulphide of antimony, Sb 2 S 6 ), Algaroth powder (Sb0 2 Cl), 
Sohlippe’s salt (Na 8 SbS 4 9H a O), antimoniate of quinine, etc 

4. Colouring Matter in Glass-making and in the 
Preparation of Artificial Gems. 

When antimony tetroxide is fused with antimony sulphide in suit- 
able proportions, the resulting product is the trioxide, whioh always 
contains more or less of the sulphide. 

Sb 9 S 8 +9Sb J 0 4 = 10Sb a O 8 + 880** 

The colour of the impure trioxide varies according to the quantity 
of sulphide it contains This is known as “ antimony glass,” and is 
used as a colouring matter m glass-making and in the preparation of 
artificial gems * 

5. Colouring Matter in Pottery-Making. 

The use of antimony in pottery coloration was known to the 
ancients. This is evident from the fact that the Chinese have used 
the oxide for a long time in the preparation of the yellow background 
and of carnation Nowadays various shades of the same colour can 
be obtained by the addition of either zinc oxide or of tin oxide, which 
has the effeot of brightening the colour ; or of iron oxide, to deepen 
the general tone of the colour ; or of the oxides of chromium and 
cohalt, to give a greenish tint to it 

Yellow Pigment that can be Vitrified.— This ib produced by com- 
bining the oxide of lead with that of antimony or with the antimonate 
of potash, obtained by heating a mixture of 2 parts of metallic 
antimony and 5 parts of nitre in a orucible to red heat. The residue 
is washed with cold water This, with the addition of various 
proportions of oxides of zinc and iron and sometimes tin, is mixed 
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with the flux of S&vres No 2, which is oomposed of 6 parts of minium, 
2 parts of sand, and 1 part of melted borax 

Yellow No. 2 (for hard porcelain) 

Minium 

Crystallised bone acid 
Sand 

Diaphoretic antimony 
Red oxide of iron 

Yellow No 3 (for hard porcelain) — 

Minium 

Crystallised bono acid 
Sand . 

Diaphoretic antimony 
Flower of zinc 


Yellow No. 4 : — 



No 2 flux . . 

880 parts 

840 parts. 

Flower of zme 

36 „ 

40 „ 

Yellow hydrate of oxide of iron 

70 „ 

80 „ 

Diaphoretic antimony 

IB „ 

w „ 


Yellow No 6 (for stoneware or glazed earthenware) : — 



Pale. 

Yellow. 

Golden 

Yellow 

Antimonate of potassium 

00 

00 

00 

Minium 

90 

00 

00 

Caibonate of soda 

10 

15 


Hydroxide of iron . 

. 

12 

66 


Clear Yellow No 9 — This is suitable for hard porcelain ; but it is 
equally applicable for enamel and light porcelain . — 

Orange mineral 
Sand d'^tampes 
Melted borax 
Acid antimonate of potat.li 
Hydrated carbonate of zinc 


Middle Yellow No 10 — 

Orange mineral . 120 parte 

Sand detain | >6B 40 ,, 

Melted borax 40 ,, 

Acid antimonate of potash 40 ,, 

Hydrated cai bona to of zme 20 ,, 

Hydroxide of iron . 20 „ 


% 
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Deep Yellow No. 11. — This is made like No 10, but 20 parts * 
coloothar or of red oxide are substituted for the oarbonate of zir 
« and the yellow oxide of iron 
Other yellows are : — 


No. 


3 

G 

54 

p q 

O 3 

rO « 

s ° 

I'S 

41 

B Clear yellow for brown or 

76 

17 

8 


42 

green 

P.F. Jonquil yellow 

79 

14 

7 


43 

Deep yellow for brown or green . 

76 

17 

4 

4 

46 

Deep yellow 

76 

17 


8 

47 

Pale yellow for oarnation . 

84 

4 

4 

8 


6. Colouring Matter for the Manufacture of Cloth and Paper 

The oxysulphide of antimony (SbS 2 0) has been used for thi 
purpose. 


7. Mordants 

The salts of antimony used as mordants are of two kinds— eithe 
basio or acid , the former is used for thiokemng, the latter for decoloi 
ising. The ordinary mordants are tartar emetic, double oxalftte c 
potassium and antimony, and fluoride of antimony. They are alway 
used after the application of tannin, when they form antunon 
tannates. Oxymuriate of antimony is another form of mordant. I 
is sold as a concentrated solution, made by dissolving metalli 
antimony in a mixture of hydrochloric acid and nitric aoid, dilute* 
very cautiously to 80° Tw. (specific gravity 1’4). The tartar emetic 
as used, has the formula . — 



Of late, double fluoride of antimony and potassium, or of antimom 
and sodium, have been used as substitutes for tartar emetic; als< 
double oxalate of antimony and potassium, SbK B (0 2 0 4 ) B .6H 2 0, doubt 
fluoride, SbF 8 NaF, and the salt SbF B (NH 4 ) 2 S0 4 are used. Th< 
essential thing for an antimony salt for use as a mordant is that i 
shall be soluble m water, not be liable to precipitate antimony oxide 
and yet be readily decomposable. 
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8. Mordant for Dyeing. 

Fluoride of antimony, SbF 8 , is used as a mordant for dyeing. 
According to Rad (1890), the following reaction occurs — 

(NH 4 )HP0 4 + 26HF + 4S1DA = 8SbFs. 2NH 4 F + 12H s O + H 8 P0 4 . 

9 Vulcanising Rubber. 

The so-called Goldachwefel (antimony pentasulphide, S 
for this purpose It is thus made — Powdered antimon 
heated with sulphur and sodium hydroxide : 

4Sb fl S a + 8S + 1 8HNaO = 5Na*SbS 4 + 8NaSb0 8 + 6^0 

From this solution the so-called Schlippe's salt, b 
crystallises out. HC1 is then added to it 

NaSbS 4 + 6HC1 = 6Na01 + SHqS + SbjSg. 

According to Bertsoh and Harmsen, the following reactions 
occur — 

I 6Na 3 SbS 4 + 8SbCl D = 4Sb a S B + 15NaCl. 

II 10Na a SbS 4 + 30HC1 + 3Sb. 2 0„ = 8SbaS B + 30NaGl + 16H 2 0. 

10 Coating Articles 

Metallio antimony can be used to paint objects with, giving them a 
polisbed-steel appearance. It is called “ iron black ” (Msenschwarz) 
in trade, and can be obtained by precipitating a solution of antimony 
salt with zinc It oan also be used for bronzing gypsum. 

The hmrre d'antimoiTie (Sb01 g ) oan be used for bronzing copper 
and iron, and preserving them from being oxidised by the deposition 
of a thin layer produced by the action of the copper or the iron upon 
the chloride 

M. George Hyvert recommended the use of antimony fluoride to 
get rid of vegetable parasites that are so mjunouB to iron structures 
and rails * 

11 For the Manufacture of Aniline Yellow and Anil i n e Red. 

Antimonio acid, HSb0 3 + 2H 2 0, has replaced arsenic acid in the 
manufacture of aniline yellow and aniline red 

* At present the railway companies in England and m the United StateB use a 
solution of arsenio compounds for this purpose 
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12. For the Fabrication of Dice-boxes, etc. 
An alloy of lead and antimony is used. 


13. Miscellaneous Uses. 

(a) If fluoride of antimony is heated with the sulphide, the sulpho- 
ohlonde is formed. It is used in medicine, or as a corrosive and 
macerating agent for wool. 

(5) It has been proposed to use beit/rre d’antimoine in the manu- 
facture of matches without phosphorus. 

(c) Oxide of antimony is used m the manufacture of artistic 
< ibat-jowr (lamp-shades) and rSflectewr en verre jarnie opaque (yellow 
opaque glass reflector). 

(d) Antimony salts, particularly combined with fibroool,* are very 
good antiseptics for incorporation with lime-wash and with the 
paste t used in the papisrs couches of painters 

(e) Thermo-electric couples 
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CHAPTER YIT. 

THE ANALYSIS OF ANTIMONY COMPOUNDS. 

This chapter is divided into the following parts . — 

A. Qualitative determination 
B Quantitative determination 

1. Dry method— 'fire assaying 

2. Wet methods. 

(a) Gravimetric 
(S) Volumetric. 

(c) Electrolytio 
C. Special methods. 

A. Qualitative. 

The following is taken from Crookes * : — 

“ (a) Minerals which contain antimony, when heated alone before 
the blowpipe on charcoal, or with the addition of 3 or 4 parte of 
fusion mixture (E^COg + Na/lOg), yield dense white fumes of anti- 
momous oxide, which in great measure escape into the atmosphere, 
but which also in part become deposited on the charcoal suppoit, 
forming a well-marked white sublimate, or incrustation of the oxide 
<c These results, though certainly in most cases very useful indica- 
tions, do not furnish, to the satisfaction of the mineralogist, sound, 
conclusive evidence of the presence of antimony m the mineral tested, 
seeing that several other bodies ocoumng m the mineral world give, 
when heated before the blowpipe, exactly the same or nearly similar 
reactions. As a consequence of the hitherto inconclusive blowpipe 
evidence, mineralogists have usually considered it essential when 
engaged in correct work to supplement those indications by means of 
the acourate but tedious method of the ordinary wet way qualitative 
chemical analysis. 

* Select Methods vn Chemical Analysis, by Sir W Crooke9, pp 372 ct seq 
4tli edition, 1905. Longmans, Green & Co. 
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“ With a view to remove the necessity of consuming so much valu- 
able time over the certain identification of antimony, Alexander 
Johnstone proposes the following exceedingly simple test, which he 
discovered and successfully applied while working among the various 
metallio ores of antimony 

** To the white coat which will invariably form on the charcoal if 
the mineral containing antimony be properly treated and heated 
before the blowpipe, add, by means of a narrow glass tube, a single 
drop of ammonium sulphide. If the white sublimate is composed of 
antimonious oxide, then the portion touched by the drop (or the part 
touched by the edge of the drop) will immediately beoome converted 
mto the well-known and highly characteristic reddish or orange 
antimony sulphide 

‘ 1 As no other white coat producible on charcoal by beatmg a mineral 
m the blowpipe flame becomes reddish or distinctly orange m colour 
when treated as above with ammonium sulphide, the value of this 
easily applied test must at once be apparent. 

“ (j3) In the examination of mineral bodies for antimony the test 
substance is often roasted m an open tube for the production of a 
white sublimate Dr E. Chapman, Professor of Mineralogy at 
Toronto, recommends for the detection of antimony m this substance 
the following process — a method more especially available when the 
operator has'' only a portable blowpipe-case at his comm a nd : — The 
portion of the tube to which the chief part of the sublimate is attached 
is to be cut off by a triangular file, and dropped mto a test-tube 
containing some tartario acid dissolved in water. This being warmed 
or gently boiled, a part at least of the sublimate will be dissolved. 
Some potassium bisulphate — either alone, or mixed with some sodium 
carbonate and a little borax, the latter to prevent absorption — is then 
to be fused on charcoal in a reduomg flame , and the alkaline sulphide 
thus produced is to be removed by the point of the knife-blade and 
placed in a small porcelain oapsule The hepatic mass is most easily 
separated from the charcoal by removing it before it has time to 
solidify. Some of the tartaric acid solution is then to be dropped 
upon it, when the well-known orange-coloured precipitate of antimony 
sulphide will at once result 

t( In performing this test, it is as well to employ a somewhat large 
fragment of the test substance, so as to obtain a thick deposit m the 
tube. It is advisable also to hold the tube in not too inclined a 
position, m order to allow but a moderate current of air to pass 
through it , and care should be taken not to expose the sublimate to 
the action of the flame, otheiwise it might be converted almost wholly 
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into a compound of antimonious and antimomc acids, the greater part 
of which would remain undiasolved in the tartario aoid A subli- 
mate of arsemous acid, treated in this manner, would, of course, 
yield a yellow preoipitate, easily distinguishable by its oolour, however, 
from the deep-orange antimomal sulphide. The crystalline character, 
etc., of this sublimate would also effectually prevent any chance of 
misoonoeption. 

“ (7) Dr A. Weller proceeds as follows for the estimation of 
antimony : — Antimomc acid and antimomc oxide, and in like manner 
antimony penta- and tri-chlonde, oan be most easily distinguished 
from each other by their different behaviour with potassium iodide. 
The property of the former, when m hydrochloric solution, of 
separating two atoms of lodme from potassium iodide for each atom of 
antimony oan be used for the qualitative estimation of antimony In 
order to verify this method, weighed quantities of finely pulverised 
pure metallic antimony are oxidised in a flask at a gentle heat with 
potassium chlorate and hydrochloric acid, and the excess of ohlonne 
is expelled by strong heating The solution of antimony pentar 
ohloride thus obtained is introduced into the flask of Bunsen’s chlorine 
distillation apparatus by means of hydrochlono acid, considerably 
diluted and mixed with a sufficiency of perfectly pure potassium 
iodide, avoiding too great an excess The liberated iodine is distilled 
into dilute solution of potassium iodide, observing all the precautions 
laid down by Bunsen, and especially cooling the retort well m flowing 
water. When cold the distillate is titrated in the usual manngr by 
means of very dilute sulphurous acid and an iodine solution of known 
strength. The distillation requires from five to ten minutes 
Particularly important is the fact that stannic acid and stannic 
chloride in aoid solutions do not decompose potassium iodide Tins 
behaviour renders it possible to estimate antimony m presence of 
tin, as in alloys, easily and aoourately. The tin is calculated as 
difference ” 

The detection of the impurities accompanying the sulphide can be 
made thus : — The mineral is pulverised and is heated with concen- 
trated hydrochlono acid, until all of it enters into solution The 
lead will separate out in the form of lead ohlonde, upon the cooling 
of the liquid Water added to the clear supernatant liquid will 
oause the precipitation of antimony oxychloride (SbOCl), a white 
powder, while iron and copper remain m solution Copper may be 
detected by the blue coloration when a few drops of ammonia are 
added to the filtrate, while the presence of iron may be proven by 
the addition of a solution of potassium ferrooyanido 
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B Quantitative. 


1 Dry Method — Fire Assaying, — Dr J. Clark says ( Joum Soc 
Chem. Ind 1896) that fire-assay for antimony ore is inaccurate, and 
refers to Carnot's investigation upon the same subject {Annates des 
Mines , vol l ), wherein it was shown that results were rarely within 
8 or 9 per cent of the truth. 

In assaying antimony ores it is necessary to determine one of the 
following things — 

(a) The pure sulphide of antimony (antimony crude) which the ore 
may contain 

(/3) The metallic antimony (antimony regulus) which the ore may 
yield, 

(a) The Determination of the Sulphide of Antimony — The ore is 
first broken into small piece!, which are then oharged into a crucible 
with perforated bottom This is fitted into a second crucible for about 
half its depth. The lid of the first cruoible and the joint between 
the two crucibles should be luted with fire-clay and sand Only 
the upper crucible is heated, while the lower one is allowed to pro 
trude into the ash-pit of the furnace. Thus the sulphide is melted 
and collects in the lower crucible. 

Q3) The Determination of Metallic Antimony . — 

1. The ore is m the oxide state — 


Oie 

Soda (NaHCOg) 
Argol , 

Salt 


10 gmis. 
26 „ 

6 „ 
cover 


The heat must be carefully regulated, and the assay should be 
taken off the fire as quickly as possible 
2. The ore is a sulphide or an oxide . — 


Ore 

Cyanide of potassium 
Salt 


. 10 grm9 

. 36-40 „ 

cover 


The heat applied must be low, and the operation must be a quick one 
The button obtained should be cleaned^ by washing only, and not 
by hammering, as it is brittle. The button could be tested for iron 
or other impurities present The foreign metals can be separated 
by treating the biokon button with concentrated nitric acid, which 
converts the antimony into an antimomo acid precipitate Filter, 
wash, dry, and ignite The weight multiplied by 0 790067 gives 
the metallic antimony. Often this step is unnecessary, as the 
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volatilised antimony can more than counterbalance the impurities 
that may be present ^ 

2. Wet Methods — (a) Gravimetric, — (a) Determination as Tri- 
sulphide, SB 2 S 8 — H 2 S is passed for twenty minutes into the cold s61u- 
tion of an antimonite or antimonate. The solution is then heated to 

P 'Filter plate 


Fig. 63. 

boiling, the current of B^S being still maintained up to fifteen minutes 
after the commencement of boiling. The dense precipitate is then 
filtered through a Gooch crucible.* It is then washed with 50 to 75 
per cent, of very dilute and hot acetio acid into whioh H 2 S has been 
passed, dried, and heated in a Paul's drying-oven to 230° for not 



more than half an hour The sulphur volatilised from the precipi- 
tate is collected in watch-glasses. As soon as all the sulphur has 
been driven off, the oruciblef is allowed to cool and is weighed. 

(/?) Determination as Tetroxide ) Sb 2 0 4 , according to Rossmg — The 
sulphide of antimony, precipitated from a hot solution, is washed 
(1) with hot water, (2) with alcohol, (3) with a mixture of alcohol 

* For a Bhort description of this crucible, vide pp 24-26, Hall’s Analytical 
Chemistry, vol n , N.Y., Wiley & Sons, 1906 
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and carbon bisulphide, (4) with alcohol alone, and (5) with ether. 
Dry the precipitate by warming it slightly Remove as much 
precipitate as possible from the filter on to a watch-glass, and use 
hot a mm onium Bulphide to dissolve the remaining portion upon the 
filter-paper, which is then evaporated to dryness in a weighed oruoible. 
The mam part of the preoipitate is then added to the oruoible Pass 
fuming mtnc aoid into the crucible covered with a watch-glass. 
Aiter the first violent action is over, the crucible is heated in a 
water-bath until the evolution of gas has entirely ceased. Remove 
the watch-glass and evaporate the contents of the crucible to drynesB. 
In older to oxidise all the sulphur, this operation is repeated. The 
H 2 S0 4 formed is eventually driven off by carefu) heating over a free 
flame The open oruoible is placed m the opening of an inclined 
diso of asbestos board, and the temperature is gradually increased 
until the full heat of the Teolu burner is obtained. 

(y) Estimation of Antimony in Native Svlphide of Antimony , ac- 
cording to Crookes. — The mineral is powdered, and 20 grains of it are 
taken They are treated with a slight excess of HC1, and the mixture 
is gently heated until the H 2 S has completely evaporated The 
solution is then filtered, and the filter is washed with dilute HC1. 
The solution is then slowly evaporated m the flask until it is concen- 
trated enough and freed from the excess of HC1. The antimony is 
now m the form of trichloride A newly prepared solution of gallio 
acid is carefully added to a slight excess. Hot water is next added, 
and the preoipitate of antimony bigallate is washed, dried, and 
weighed. The filtrate can be tested for iron, lead, oopper, silver, 
arsenic, and, sometimes, zinc, cobalt and other metals remaining 
in solution As iron is difficult of complete separation in the 
presence of gallic acid, other well-known methods are used for its 
determination 

According to Mr L Parry, the determination of antimony by the 
gravimetric method, especially if estimated as SbOg, is quite 
unreliable. 

(b) Volumetric . — (a) Mohr's Method * — Conversion of antimomous 
acid in alkaline solution into antnnonic acid by iodine 

Antimomous oxide, or any of its compounds, is dissolved in tartario 
acid and water , sodium carbonate is used to neutralise any excess of 
the acid used , then a cold saturated solution of sodium bicarbonate 
is added in the proportion of 10 c c to about 0 1 gramme Sb 2 0 3 , to 
the clear solution starch is added, and iodine until the blue colour 
appears TIiib operation must be done quickly, as when the bicar- 
* This is a usolul method when copper is absent,* 



MJ1TALLUBGY OF ANIIMONY. 


metal is soon precipitated as antimonious hydrate 
me has no effect. 

Method of Petricoioh and Reuter — The antimony 
05 to 1 gramme of it is taken and treated first witt 
50 o o. of hot water and then with 50 o c of pure strong hydrochloric 
acid It is heated on a sand-bath up to 70“ C. All the antimony i£ 
about from thirty to sixty minutes It is nexi 
sidue washed, first with water containing HC1 and 
er. The filtrate, after the addition of some tartaric 
r 50 o c and heated to 79° C. H 2 S is passed through 
npitate. This is filtered, washed with H 2 S water 
to. the original precipitation vessel with the aid oi 
0 c c. of .strong HC1 and warm the solution (but 
*1 no more H 2 S is evolved Dilute the liquid 
1 just observed, this turbidity is removed by 
Then titrate with potassium permanganate 
represented as follows • — 

JKMnCh = 5SbCl 6 ‘2KCl + 2Mn01 a + BEfi. 

reaction is sharp If 5 27 grammes of pure 
ite be dissolved per litre of solution, 1 c o 
> 1 per cent, of antimony with 1 giamme 

Gomptes Rendus , 1897, describes a new method 
} estimation of antimony, which is based upon the 
nous acid, free or combined, reduces iodic acid, fhth 
antimomo acid and the liberation of a pioporfcionate 
iodine, the reaotion being thus . — 

5SbjOg-|- 4HIO a =yb a O fi + 41 + 2H^O. 

utions required are • iodic acid, 50 grms in 250 o o. j deci- 
Bodium thiosulphate ; 20 per cent potassium iodide ; and 
paste Into the flask of a Fresenius or Mohr’s iodometric 
tus, 0 5-0 6 gramme of antimonious oxide is weighed, 20-25 
iodic acid are added, and 10 c.c of potassium iodide solution 
are placed m the condensing apparatus. The contents of the flask are 
boiled until colourless, and the collected iodine determined with 
thiosulphate. From antimony compounds the sulphide is precipi- 
tated by sulphuretted hydrogen, then dissolved m HC1, and the oxide 
obtained by the action of sodium carbonate. The halogen acids, 
sulphuious acid, and sulphuretted hydrogen miiBt be dissolved in 

. * Taken from Mineral Industry 



THE ANALYSIS OF ANTIMONY COMPOUND^. 185 

tartaric acid or potassium bi tartrate, which are without action on 
lodio acid. 

(8) Joseph Hanns,* in Chemik&r Zeitung , 1897, proposes to deter- 
mine antimony volu metrically by precipitating it as sulphide, filtering 
and washing the precipitate with water ; the precipitate is washed 
into a beaker and ferric sulphate added (either in powder or in 
solution) in the proportion of 6 parts to 1 part of antimony 
sulphide The solution is then boiled for fifteen minutes. The 
reaction is : — 

Sb 2 S 8 + BFe^SOJg + 5H 2 0 = HgSb 2 0 B + 10FeSO 4 + 5H a S0 4 + 38. 

The contents of the beaker are then diluted considerably, and 15 o.o 
of concentrated sulphuric acid are added for each gramme of ferric 
sulphate used. The solution is then cooled quickly to 25° C , and 
titrated to a faint rose colour with potassium permanganate The 
permanganate solution is made up to a strength of 1 to 1 5 grammes 
per litre and is Standardised against antimony trioxide The amount 
of antimony sulphide in the precipitate treated with the feme sulphate 
should not exceed 0 2 to 0 3 gramme 

(e) Dr Clark, * in Jowm JSoc Ch&m Ind , 1896, recommends for 
antimony ores and alloys a modification of Mohi’s method f of titration 
with solution of iodine — 

If the ore is free from arsenic anti iron, dissolve in HC1, drive 
off HJS by heat, add tartaric acid or Rochelle salt, make alkaline 
with^NaHCOg, and titrate. 

If iron ib present, dissolve in HC1, precipitate with H 2 S, re- 
diBsohe in HC1, and proceed as before. 

y 1 If arsenic is present, dissolve m HC1 + Fe 2 Cl fl and distil off the 
arsenic, preoipitate Sb with HgS, and pioceed as under The 
arsenic distilled off may be condensed and estimated by titration 
with solution of iodine 

When the ore or alloy oontams tin, dissolve in HC1 + FegClg, 
distil off As, precipitate Sb with metallic iron, redissolve, after 
washing m HC1 plus a little KC10 3 , filter off the insoluble impurities 
derived fiom the iron, precipitate Sb with H 2 S, and proceed as 
under 

According to Mr L. Parry, the most accurate and practical methods 
are, titration of Sb 2 O a with iodine in alkaline solution, and titration 
of iodine liberated by action of SbCl 6 on KI m HC1 solution 

* Taken from Mine ml Industry, 
f Vide paiagraph (a) of the present chapter. 



186 


THE METALLURGY OF ANTIMONY 


The other volumetric methods that may be mentioned are : — 

(1) Solution of precipitated Sb in H 2 S0 4 and titration with KMn0 4 

(2) Titration of precipitated Sb with FeCl 8 m a boiling HC] 
solution. 

(3) Titration of precipitated Sb with bichromate after solution id 
FeCl* 

(c) Electrolytic. — (a) According to Smith, antimony, when preoipi 
tated from a solution of its chloride, or from that of antimony 
potassium oxalate, does not adhere well to the cathode From i 
solution of potassium antimonyl tartrate it is deposited very slowly. A 
cold ammonium sulphide solution is good, but its use is not pleasant 
Hence potassium or sodium sulphide is resorted to, but must not 
contain iron or alumina The antimony solution, mixed with 80 o c 
of sodium sulphide (sp. gr. 1 13-1 16), is diluted with water t< 
126 oo., and acted upon at 60°-65° by a ourrent of ND 100 = 
1 ampere and Tl-1 7 volts Two hours are required to fully pre 
oipitate the metal Then treat the metal with water and pur< 
alcohol Dry it at 90° The solution must be absolutely free fron 
polysulphides But as the antimony sulphide obtained in the ordinary 
course of analysis always contains sulphur, this must be eliminated 
Add 60-70 o.o. of a 26 per cent, solution of sodium sulphite to thi 
solution after the addition of sodium sulphide in excess ; then hea 
the liquid until it is completely decolorised, and allow it to cool I 
is best to pass a ourrent of 0 26 ampere. Wash deposit with water 
alcohol, and ether 

(ft) The sulpho-salts of antimony, as proposed by Parrodf am 
Mascazzim, Luokow, Classen and Y. Reiss, and Classen and Ludwig 
are the best for obtaining an antimony deposit by electrolysis. 

“ The determination of antimony by the eleotrolysis of its sulphc 
salts is one of the most oonvement and useful of all eleotrolyti 
methods, and is -one that is frequency used in actual practice. I 
is especially convenient, beoause the form of solution in which th 
antimony is obtained m the usual course of separation from the othe 
metals can be direotly eleotrolysed. 

“A solution of 1 grm. tartar emetic in water is treated with 
solution of sodium sulphide until the precipitate whioh first forms i 
redissolvhd The mixture, after dilution to 160 o o , is electrolyse' 
at normal temperature with a ourrent of 0*6 to 1 0 ampere and 1* 
to 1*8 volts To see whether, all the antimony has been depositee 
a Bmall test portion of the electrolyte is taken and is heated with 
few drops of dilute sulphuric acid, and if antimony is present ther 
will appear a reddish colour. One may raise the basin to see whethc 
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tiny eleotiolysis is still proceeding on the newly attacked part of the 
electrode, but this is not satisfactory. Generally at the cathode 
the antimony deposit is bright, metallio, and Bilver-gray in colour, and 
the anode is covered with sulphur. The sulphide solution must not 
contain any polysulphides They are, however, produced in the 
eleotrolyte during the course of the electrolysis , and, as soon as they 
are discovered, hydrogen peroxide muBt he added, and also a fresh 
amount of sodium monosulphide. If the current used is allowed to 
continue for too long a tune, the edges of the deposit may be dissolved , 
and this redissolved antimony cannot be separated from the eleotrolyte. 
Hence it is preferable to carry out the electrolysis with hot solutions 
and strong currents in a short time. The deposit of antimony on 
the platinum electiode can be removed by means of hot nitric acid, 
or be converted into the white oxide of antimony, which is redissolved 
by adding tartaric acid and rinsing out with hot water ” * 

C Special Methods. 

1. For Alloy 8 of Tvn, Lead, Antimony , and Qo\per containing 
little Arsenic } such as type-metal, solder, anti-friction metals, etc t 

Sb01 6 in HC1 solution oxidises K.I. The liberated iodine may be 
titrated with stannous chloride — not with hypo . 

In this method the presence of tin (as SnCl 4 ) and lead has no effect 
whatever on the titration , mdeed, the titration is done with SnCl 2 
Coppqp, arsenic, and iron, when present in solution in their highest 
state of oxidation, are reckoned as antimony, and should be estimated 
and allowed for, this being preferable to separating the Sb from them. 
Fe is rarely present, but in the case of alloys with more tha/n 1 per 
cent. As, it is advisable to dissolve m aqua regia and to separate the 
Sb and As as sulphides, as it appears that m some cases, when an 
alloy rich in arsemo and tm is boiled with HC1, there is a considerable 
evolution of H s As This matter is under investigation. Arsenic, 
however, is rarely present in the above alloys in quantities greater 
than 1 per cent 1-3 grms. of fine filings are weighed into a 16-oz 
flask and boiled gently with 150 c.c. HC1 until aotion ceases and 
most of the Pb and Sn is dissolved To complete the solution, add 
cautiously a cold saturated solution of KClOg, which also peroxidises 
the metals After solution is complete, add a little KClOg, and make 
sure that excess of chlorine is present The solution is diluted with 

* Taken from Neumann’s work 

f Taken from The Assay of Tin and Antimony , by L. Parry, Mining Journal 
Office, London, 1900 
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rather less than an equal bulk of water, and boiled until free fro 
chlorine. In practice, half an hour is a sufficient length of time ; tl 
most practical and most delicate test of the absence of free ohloni 
m the cold solutions is the sense of smell. The assays should n 
be boiled to a smaller bulk than 150 o c , as the chloride of antunoi 
is volatile Allow the assay to cool ; when quite cold, fill the flai 
with CO a from a Kipp apparatus charged with marble and HC1, ac 
20 o o. of a fresh 20 per cent solution of KI, and titrate as rapidly 
possible with stannous chloride. This is made by dissolving 10 grn 
of tin, or 20 grms. SnCl 3 2 aq , m 300 o o. HC1 and diluting to 1 lit] 
It should be kept under C0 2 , and must be standardised, every time 
is used, against a standard solution of bichromate made by dissolvu 
exactly 16 grms. of fine K 2 Cr 2 0 7 m 1 litre of distilled water 100 c 
bichromate = 2 grms Sb, and 100 c c. 80012 = about 1 grm Sb T 
assays, if overdone, are brought back with the standard bichroma 
(rapidly), but Bhould only require a few drops at most, otherwise t 
accuracy of the assay is impaired. 

The assays *havo a great tendency to absorb oxygen after titratio 
hence the necessity for a CO a atmosphere and rapid titration, especial 
m presence of As and Ou Further, the reaotion in the case of As 
not instantaneous, and only proceeds to completion at the same re 
as the iodine is liberated by SnCl 2 — being to some extent reversib 
Acid solutions of AsCl a , Cu. 2 Cl 2 , FeCl 2 , and of KI readily abso 
oxygen from the air, while SbCl B is scarcely affected The bichrome 
remains qmte constant, and it may be standardised against pure lr 
as a check on the weighing up. In standardising the stanno 
chloride, pour a little KI solution and staroh paste into an 8- 
flask, fill the flask with CO 2 , and run in rapidly 20 o o SnC^ frc 
the burette Then titrate rapidly with K 2 Cr 2 0 7 . 

As = Sb = CiLj = Fea= O. 

1 per cent. As = l 0 per cent Sb. 1 por cent 0u= 0*946 per cent, Sb 
1 per cent Fe = 1 *03 per cent. Sb 

2. Analysis of Antimony Ore (the following is an abstri 
from Thos Brown, Jr/s, article on the determination of antimo 
in ores, m the Jowm. of Am. Chem. Soc ., Sept 1899) — Impunt 
such as silica, iron, and lime would not materially interfere w 
the schemes of analysis used Lead, mercury, copper, tin, a 
arsenio, when found m quantities larger than traces, should 
separated from the antimony when its determination is by i 
method of sulphides ; also tin and arsenic when the oxide method 
used A preliminary qualitative test should always be made for 1 
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purpose of modifying the sulphide method, and a quantitative one in 
order to estimate the true market value of the ore. 

Lead is determined hoth qualitatively and quantitatively as the 
orange-yellow chromate (PbCr0 4 ) For the qualitative test the 
finely ground ore is boiled with concentrated nitno acid for several 
minutes, and, if a sulphide, until the sulphide of antimony is entirely 
converted into the insoluble white oxide, then cooled and dduted. 
Ammonia is added m excess, then acetic acid m excess, and the 
whole heated for several minutes m order to bring the lead salt 
thoroughly into solution The insoluble matter is now filtered off, 
and the filtrate treated with an excess of potassium biohromate, which 
precipitates the lead as chromate from this ammonium acetate and 
acetic aoid solution. The lead can also advantageously be determined 
quantitatively in this form from the sulphide precipitate remaining 
on the filter after separating the Sb from the metals of the fifth 
group. 

For arBemo a combination of the Canby and Mohr methods is UBed 
One gramme of the finely powdered ore is mixed in a porcelain 
crucible with 8 to 10 parts of a mixture of equal parts of sodium 
carbonate and nitre, gradually brought to fusion over a burner or m 
a muffle, and kept bo for five minutes or longer. The fused mass is 
allowed to cool, disintegrated in hot water, and the insoluble matter 
filtered off. The filtrate is now aoidified with HNO fi and the carbonic 
and nitrous acid gases boiled off An excess of an emulsion of zinc 
oxidg is added, and should an unusually heavy precipitate of 
gelatinous Bilioa and alumina be produced, a Beoond filtration is 
necessary, also an extra addition of zmo oxide to the filtrate before 
the precipitation of the arsenic This is precipitated as the reddish- 
brown silver arsenate (AggAsOg) by the addition of silver nitrate in 
slight excess, accompanied by vigorous stirring 

The precipitate, mixed with zinc oxide, is filtered, washed with cold 
water until the washing shows no silver reaction, and dissolved off 
the filter with hot dilute nitno aoid, catching the solution and 
washings in a beaker free from chlorine When cold, this is ’ 
titrated for silver with a solution of potassium or ammonium thio- 
cyanate, using loo of saturated solution of feme sulphate as 
mdioator, and titrating to the same pale amber-yellow oolour as *as 
obtained in standardising the solution against pure silver For the 
standard silver solution 1 grm of the pure metal is dissolved m 
HNOg, boiled to expel red fumes, and diluted to 100 c o. For the 
standard thiocyanate solution 9-^ grms. of potassium thiocyanate or 
grms of ammonium thiocyanate are dissolved and diluted to 
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1 litre , then 1 oo =0*010 grm silver, and 108 silver =25 arsenic 
This same treatment, somewhat modified, is used in testing the or< 
qualitatively for arsemo. After fusion, the addition of acid, boiling 
and the addition of zmo oxide m excess, the whole is filtered, and tin 
neutral filtrate tested for arsemo as before 

Ores are divided into three classes . (1) the soluble ores, such ai 
stibnite ; (2) the practically msoluble ores, such as oervantite ; (3 
the partially soluble ores, as oxysulphides (stibnite mixed with cer 
vantite). Ores of the first class are thus treated — 1 grm. of the 
finely ground ore is treated in a No 3 beaker with 25 c c of conoen 
trated HC1, covered and boiled until apparently decomposed and the 
solution does not occupy more than 15 o.o. m bulk. About 2 grms 
of tartaric aoid are added, and as soon as these are dissolved from 4 
to 6 drops of concentrated HNO s are also added, and the whole boiled 
for a short period. On cooling and diluting, HjS is passed through 
for about an hour, and the Sb precipitated as sulphide. After warm 
mg Blightly, it is allowed to stand m the cool for an hour or more and 
then filtered. These precautions having been attended to, no more 
Sb will be precipitated either on standing or passing additional H 2 S 
If lead or other metals of the fifth group have been found, it may be 
necessary to dissolve the precipitate m excess of ammonium sulphide. 
The antimony is agam precipitated as before. The precipitate, m 
any case, is well washed, and dried in an air-bath at 110° C to con- 
stant weight. As the precipitate contains a oertain amount of fret 
sulphur, it is necessary to determine the amount of black anhydrous 
antimomous sulphide it contains. This is done by weighing a cer- 
tain amount of the precipitate into a platinum boat, which is placed 
m a combustion tube and the free sulphur driven off in a stream 
of C0 2 . 

The msoluble ores,* are best treated by fusion with a flux composed 
of equal parts of flower of sulphur and sodium carbonate. One 
gramme of ore is used to eight or more parts of the mixed flux. The 
mixture is put in a oruoible of 40 o o. capacity, covered with a portion 
"df flux, placed m the muffle, and heated cautiously to fusion, which 
takes place in about ten minutes Many precautions have to be ob- 
served, as it is very difficult to fuse the readily volatile antimony, even 
at a low heat, without loss. The mass, when fused, is dissolved in 
hot water, and the solution, whioh contains the antimony, filtered off 

* A. Chippendale {Eng and Min Journal , May 12, 1900) recommends the use 
of potassium-iodide, to be added occasionally to the boiling concentrated HC1 solu- 
tion containing the oxide ores. When dissolved, the antimony may be determined 
by the usual methods. 
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from the sulphide of iron and those of the fourth group. The anti- 
mony ib precipitated as sulphide by adding a slight excess of HOI. 
The partially soluble ores require double treatment as above. 
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CHAPTER VIII. 

’HE PRODUCTION AND VALUATION OF ANTIMONY ORE. 


'hb following is a list of the most important antimony minerals, 
r ith their antimony content • — 


Senarmontite 

Valentmite 

Ceivantite 

Kermesite 

Stibmte . 

Volgente 

Guejante 

Berthiente 

Liymgatomte 

Zmkenaite 


88 *66 per cent Sb. 
83 56 

70 20 „ 

76*80 „ ' 

71 80 
58*91 

68 50 ,, 

67 00 

58 12 „ 

42 60 


The market of antimony ore is, in a general way, confined to a few 
smelters and their agents, and the price is chiefly a mere matter oi 
private contract, generally according to the principle of sliding scales. 

French dealers have made use of the following formula for the 
determination of the value of antimony ore . — 


in which : 




the value of 1000 kilos, or 1 metric ton of mineral. 

~^=the tenor of the ore determined by fire-assay 

— =the loss in smelting 

c=the value of regains in francB per metno ton 

/= 00 Bt of smelting and profit of the smelter per metno ton of regnlus 

The loss in smelting may be calculated as 10 per cent of th( 
metallic tenor of the ore. The cost of smelting may roughly b( 
estimated at 350 to 500 frs , or at £14 to £18, per ton of meta 
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produced. In calculating the loss, the following may he adhered 
to : — 

9 per oent for ore of 65 per cent. Sb or more 


10 

»» 

60 

ii 

to 66 per oent. 

11 

1) 

46 

i» 

n ,, 

16 „ 

l» 

40 

ti 

n 45 „ 

18 

1* 

85 

>i 

40 „ 

20 „ 

II 

less than 86 per cent Sb. 


With English buyers the price is generally paid per unit of anti 
mony m ore Thus, in 1904, 4s. to 5s per unit was paid for 5C 
per oent. sulphide ore, when regulus was worth from £25 to £35 
m 1905, 6s to 8s , when regulus was sold at from £35 to £60 , ii 
1906, 8s. to 15s., and in some cases above 15s , when the pnoe of regu 
lus rose from £60 to £120 Some dealers still offer ores to smelted 
on the old formula 0*9T(P - 330) = V, o i.f , in which T =* antimony 
oontent m percentage, P = market pnoe of regulus, and V = value ir 
francs c i f . Havre, Marseilles, Antwerp, or Hamburg 

American buyers commonly make a basis of $1 per uml 
(22 4 lbs.), when the metal is worth 8 o. per lb., for ore containing 
about 50 per cent. Sb, with a variation of one-third of the different 
*n the market price for the metal per 2240 lbs. up or down. Thus 
with the metal at 8 o per lb or $179 20 per 2240 lbs , the value of ar 
,pre containing 52 per cent. Sb is $52 per ton of 2240 lbs If theprioi 
,Jor the metal is 10 c. per lb or $224 per 2240 lbs , the addition o 
£ J($224- $179 20) = $14*93 is made, givmg the ore a value of $66 93 

The phrase “ cost of smeltmg ” means — 

(a) Direct operating without general expense. 

(5) Including general expense. 

(c) Direct operating, including general expense, plus amortisatior 
charges * 

A Belgian dealer offers to buy ores on the formula : f 

p=Ex 90 (w)- £6 ’ 

in which 

P=pnoe per ton of antimony ors 

R= price m £ of reguluB m London. 

T= analysis of ore m percentage 

M F. T Havard classifies antimony ore under the following 
heads . — 

(a) Auriferous, with 40 to 70 per cent, of antimony in the form o 
sulphide, several ounces of gold, together with, in some oases, payabL 

# Taken from The Eng and Mm . Journal , N Y , p. 124, Jan 11, 1908. 
t Private communication. 
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silver. The value per unit of antimony is according to market 
condition Gold, is generally paid for at 75s. per oz. ; sometimes, 
however, no pay is given for the precious metals 

(5) The same class of auriferous ore, but with less than 40 per cent 
of antimony; sometimes with payable silver. Pay is given for 
preoious metals as under (a). 

(c) Antimony ore, both sulphide and oxide, free from precious 
metals, with from 40 to 70 per cent antimony. 

(d) The same class of ore as (c), but with less than 40 per cent, 
antimony. 

(e) Mixed copper, antimony, and zino ores, nearly always oarrymg 
some lead and silver, m which antimony is paid for at prices varying 
from the price of lead to 5s. per unit. 

(/) Lead concentrate and high-class lead ore, with 40 to €0 per cent 
lead, 3 to 10 per cent, antimony, and generally carrying some silver. 
Antimony is usually sold at lead-pnoe by the mines, and oIbo some- 
times by dealers, on the consideration that they receive the resulting 
hard lead at an advantage on the market price. 

The extraordinary fluctuations of prices of regulus m the years 
1906 and 1907 may be attributed to various causes. 

The sudden rise of the metal from its normal rate of about £40 t( 
-£120 per ton m 1906 may be due to the following causes * : — 

(a) Increased demand m the machine industries. i 

(b) Partial replacement of tm, now scarce and expensive, by 

antimony in alloys, Babbitt and bearmg metal. * 

(c) A ohange in the quality of the ore coming on the market fft>m 
high grade to low grade, as workings m the mines reached greater 
depths. 

(d) The general increase in prices of all metals as compared with 
the constant value of gold. 

(e) The increase in the production of antimony oxide in place of its 
metal, for the manufacture of antimony pigments. 

(f) Its replacing soft lead for acid-proof lmmgs and other purposes 

(g) The sulphide being used m greater quantities than ever m the 
rubber mdustry for the purposes of vulcanisation 

(h) Its great demand during the Russo-Japanese war for artillery 
uses.f 

(a) Speculation. 

* From F T Havard, “The Antimony Industry,” The New Zealand Mines 
Record, April 10, 1907. 

t The author was informed of this by a French dealer in antimony, but was 
unable to venfy the statement 
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Yalum op Antimony Regultjs 


Per ton. 


Per ton 


Yeai 



Low j 

Hit'll 


£ 

£ 

1875 

50 

50 

1870 

55 

69 

1$77 

48 

60 

1878 

48 

50 

1879 

60 

70 

1880 

60 

76 

1881 

55 

60 

1882 

42 

65 

1883 

86 

40 

1884 

40 

45 

1885 

36 

30 

1886 

29J 

35 

1887 

30 

40 

1888 

89 

50 

1889 

46 

75 

1890 

70 

76 

1891 

40 

72 

1892 

48 

52 


Year. 



Low. 

High 


£ 

£ 

1898 

37 

43 

1894 

82 

87 

1895 
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I 11000 

9 937 
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24*70 
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21 73 

, 10 969 

1 16 627 

14 840 
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Now the sudden fall of the metal from its normal rate of about 
£4:0 to £35 may be due to the following oauses * } — 

(a) The market for needle antimony had, to a large extent, been 
artificially sustained by a considerable proportion of the Chinese out- 
put being held in strong hands on the Continent. With the appear- 
ance of larger quantities of ore from North Africa, Turkey, and 
Australia, the holders became afraid, and needle antimony was allowed 
to drop. 

(b) The decline was accelerated by financial depression in the 
United States, and a consequent diminution of demand. 

Hungary 

i 

France 

Japan 


Italy 


Mexico 


Germany 


United States 

[ | Africa ' * 

[ \ Australia 
□ Spain 


Fig 60. 

Within the last few years Japan has ceased to be a factor in the 
antimony market. The United States cannot produoe antimony 
with profit at prices below 20 c per lb Australia and China are 
likely to become the principal producers of antimony ores Perhaps, 
with better facilities of transportation, the South Amenoan mines 
could be worked with profit. 

* From p. 124, The Eng and Mm, Journal , Jan 1008 
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CHAPTER IX. 


THE PRINCIPAL MINES AND SMELTING WORKS OE 
ANTIMONY. 

The following is a list of the principal mines and Bmelting works of 
antimony that have been, or aro still being, worked : — 

I Mines. 

(1) Algeria — Taya, Sempsa, Djebel-Hamimat. 

(2) Asia Minor — Smyrna 

(3) Australia — Macleay district, at Hargreaves Falls and Aberfoil, 
Armidale (New South Wales), Costerfield (Victoria), and Queensland 

(4) AustnarHimgary . — Beszterczebanya (Sohemnitz), Michaels- 
berg, Moldau River and Kuttenberg (Bohemia), BAnya, SzALouak, 
Rosenau, Liptau, Neusohl, Magurka, Kremnitz, Rechnitz Mountains 
between Aranyidka and Rosenau 

(^ Borneo — Sarawak 

(6) Canada — West Gore (HantB Co.), M‘Dougal (Nova Scotia), 
Prinoe-Wilham (New Brunswick). 

(7) Chile. — Antofagasta. 

(8) China . — Province Hunan. 

(9) Fra/nce — La Lucette, Licoulne, Bessade, Loubelhac, Ouche, 
Conohes, etc. Besides these, there are twenty-six principal mines m 
France, including Corsica 

(10) Germany — Amsberg (Westphalia), Hoffnung (near Brack), 
Goldkronach (Fiohtelgebirge), Caspan mmo near Mentrop 

(11) Italy.— Mena, Ersa, Lun (provinces Grosseto and Cagliara), 
Pereta (Tuscany), Cettme di Cotomiano and Tocohi (province Sienne), 
Ponte a Rosaio (province Sienne), San-Basilio, Ballao, Su-Suergm 
mine near Villasalto (district Lanusei, Sardinia), Roocalumera, 
Letoianm, and Francavilla (Sicily) 

(12) Japan — Itshinokawa (Shikoku), Nakase, Nara, Ehime, 
Yamaguchi, Nn-gon, Ojoinumura 

206 
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(13) Mexico. — Sonora. 

(14) Peru — Mollendo. 

(15) Portugal . — Tapdda, Lixa, Gondomar, Braganza, Corcega. 

(16) Servia . — Styna, Kik, Stolitza, Zavone. 

(17) Spam — Salamea de la Serena (near Badajoz), San Jose, 
Genara, Caurel, Perseverance, Huelva, Leon, Oviedo, Kibas 

(18) ^WAtfy.j-AlJkliur, Aidin. j 

(19) United States — Ballarat (South California), Coyot^ Creek 
(Iron Co, Utah), Beulah (near Austin, Nevada), Thompson’s Fall 
(Montana), Sevier Co. (Arkansas)* 


' II^SMHLTINq WoftKfl. ' ^ 

(1) Austria- Hungary — Szalouak, Budweis (Bohemia), Stephan 
Works, Millesohau (Bohemia), Magurka, Rosdnau, Gross-Gollnitz j 
Sohonherg, Proutkovitz (Bohemia) (owned by Milleschauer Berg- und 
Huttenwerks Actiengesellschaft) ; PfiSov (Bohemia) (owned by Emil 
Pollok). 

(2) Belgium — Antwerp (owned by Soci4t6 Iiidustnelle de Beerse) 

(3) Ccmada — West Gore (Nova Scotia) (owped by St Helens 
Metal Recovery Co.). 

(4) China . — Hankow (owned by Carlowitz & Co ) 

(5) England. — Newcastle-on-Tyne (owned by Cookson <fc Co.), 

Hallett & Fry, Johnson <fc Matthey, Pontifex <k Wood, Mathison <fc Co* 
(m London) # 

(6) Frame . — The principal smelting works are situated at Conches 
(Cantal), Blesle and Bnonde (Haute- Loire). 

The principal smelters are . (a) Emmanuel Chatillon (Conches, 

Blesle, and Brionde) ; (6) SooidtA Franoo-Itahenne (Bnonde) , (c) 
Paul et Cie. (Colletrde-D&ze) , (d) Basse Vitalis (Blesle), (e) Her- 
rensohmidt (Genest). 

Other smeltmg centres are • La Lincoule (Haute-Loire), Bouo and 
Sept&meB (Rh6ne), Alais, Malboso (Ard^ohe). 

(7) Germany. — Linz (Sohleiz), Dusseldorf, Wolfsberg (Harz). 

(8) Italy.— Genoa (owned by Mmiere e Fondene d’Antimomo, 
Societk Anonima), Siena (Tusoany), Florence, Ponte a Rosaio (Sienne), 
Su-Suergin. 

(9) Japan. — Osaka, Sanohoba, Sunohara. 

(10) Servia — Kostajmk (Dina Rian). 

(11) United States — Chelsa (Sta en Island, NY.), Chapman 
Smelting Co., San Francisco (owned by Mathison & Co., London). 
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III. Principal Agents for Antimony. 

(1) England — Hardy, Seligmann <fc Co , Billiter Buildings, London, 

EC. - 

(2) Belgium — W. Fleoken (Antwerp). 

(3) France — H. Partin (Paris) - 

(4) OerTncmy — A. Auerbach (Bfamburg). 

(5) The United States .—The Amenoan ^otal Co. (N.Y.) 
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